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INTRODUCTION 
This work is part of the long-term studies by the Department of 
Geology at Iowa State University concerning the geology and geomorphology 
of the Arctic Coastal Plain and Foothills Provinces of northern Alaska. 
The Pleistocene Gubik formation has, heretofore, been only generally 
described from subsurface sang)les, and, since surface exposures are neither 
common nor gpod, the depositional environment of the formation has not been 
well understood. 
The opportunity to investigate the Gubik formation from subsurface 
materials arose by chance While the writer was associated with another 
research project at the Arctic Research Laboratory located near Barrow. 
Alaska in the spring of 1962. A drilling program had been initiated by 
the Bureau of Indian Affairs and, through collaboration with that agency, 
it was possible to obtain cores and composite samples from all 13 holes 
drilled. Samples from 11 holes were used as material for this thesis. 
The other two holes, although from the same general area, were located too 
high stratigraphically to be of value to this patticular investigation. 
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STATEMENT OF THE PROBLEM 
The purposes of this study are threefold: 
(1) To adequately describe the sediments and present the data from 
subsurface samples of the Gubik formation as it occurs near 
Barrow, Alaska. 
(2) To make interpretations concerning the age, depositional, and 
environmental history of these sediments insofar as the data will 
allow. 
(3) To effect subsurface correlation within the area studied. 
Fig. 1. Hap of the Barrow area of northern Alaska 
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THE BARROW AREA 
Location 
The sediments Investigated are located beneath Nerravak Slough, a 
small estuary located Just northeast of the village of Barrow, Alaska. 
This water body is separated from the Arctic Ocean by a gravel bar 1800' 
long, and ranging between 100' and 325' in width. The slough is divided 
into two portions, a western basin, about 800' long parallel to the coast­
line and about 600' wide perpendicular to the coast; and a much larger 
eastern basin, 3300' long and 1900' wide. Both basins are relatively 
shallow, the smaller having a maximum depth of 7' and the larger, a maxi­
mum depth of 11'. A drainage line carrying runoff from the tundra flows 
into the larger basin. During the spring this drainage line fills the 
slough to overflowing, causing a break to occur in the gravel bar separat­
ing it from the ocean. The resultant.free exchange of marine end fresh 
waters causes the slough to become brackish. Within a week after heavy 
runoff has ceased, the break in the bar is repaired by oceanic longshore 
currents and the slough freshens during the remainder of the summer. Heavy 
storms also cause breaks in the gravel bar, allowing entry of saline water 
at intervals during the summer or fall. 
Physiography 
The ocean bottom immediately adjacent to the study area is a shallow 
shelf extending to about 73° 30' N latitude where it slopes steeply into 
the Arctic Basin. The average depth is about 250' (Zenkevitch, 1963). 
The beach is a coarse gravel (65% gravel and 35% sand), composed of 
o 
Fig. 2. Aerial view of Nerravak Slough looking to the southeast 
from offshore. The village of Barrow is to the right and 
r* 
portion of the beach is where the annual interchange of ocean 
and fresh water occurs 
Fig. 3. Aerial view of Nerravak Slough looking slightly west of 
north. Nerravak Slough is part of a major drainageway in 
this area of tundra 
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90.3% chert, 6.76% quartzite and quartz sandstone, 2.3% limestone and 
doXoiisite, and 0.3% miscellaneous material (Rex, 1953; Ward, Handy, Davidson 
and Roy, 1955). This material sstands irregularly doyn the shelf to f^ere 
the water is from 10' to 20' deep. Schalk (1963) presents beach profiles 
which show that in the area near Barrow a depth of 20' is rarely reached 
within 1000' from the shore line, except where extensive beach-borrowing, 
i.e., dredging of gravel to provide constructional material, has occurred. 
A blue, fine-grained, silty marine clay occurs in water depths of 20'. 
Beyond this blue marine clay is a rubble zone, consisting of pebbles 
ranging in size from 1/8" or less in diameter tb boulders greater than 
a foot in diameter. This material is of about the same composition as 
the beach gravels and is believed to have been distributed by ice rafting. 
Each spring the gravel-bearing sea ice becomes grounded at about this 
depth and piles up into a large pressure ridge, ranging up to 40' high. 
Melting releases the rock material causing a local, linear concentration 
of sedimentary particles and shallowing in this area. Proceeding farther 
from shore, the maximum grade size lessens to about 1/4" gravel and shell 
beds composed mostly of Hiatalla (Saxicava) (MacGinitie, 1955). 
Progressing inland from the beach, the tundra surface is marked by 
low ridges and broad marsh areas in which oriented and non-oriented basins 
of all sizes up to several miles long are found. Some are occupied by 
water, others have obviously been drained. Some of the ridges are composed 
of well-stratified sand and gravel similar to ridges presently forming 
along the modem beach. Others are conçosed of fine sand and silt and 
are apparently remnants of the old primary coastal plain surface. Some 
of the ridges are roughly parallel to the present beach; almost all are 
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covered with a mantle of silt from 12" to 18" thick. The ridges and the 
crest of the active beach form the principle high ground in the Barrow 
area. 
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PREVIOUS INVESTIGATIONS OF THE GUBIK FORMATION 
The Gublk formation consists of a varied array of unconsolidated 
gravel, sand, silt, and clay beds overlying the older Cretaceous rocks 
that ccaçrise the bedrock of the Arctic Coastal Plain. The area covered 
by these surficial deposits is about 25,000 square miles (Carson and 
Hussey, 1962). 
The Gublk formation was first described by Schrader (1904) from out-
cropa ôlûùg tué valley of ths icvcr Cciviiic Hiver. It eas described as  
"A surficial deposit of brownish sand or loam about 10 or 15 feet in 
thickness, which unconformably overlies the beds of the Colville series, 
apparently as a continuous mantle" (page 93)• It was named the Gublk sand 
by Schrader after the Eskimo name of the Colville River. Other workers 
(Meek, 1923; Gryc, Patton, and Payne, 1951; 0'Sullivan, 1961; Black 1964; 
and others) present detailed lithologie descriptions from localities in 
1^1ch the formation thickness varies from a few to 150'. Both marine and 
non-marine units, cross-bedding, peat zones, thick gravel units and thin 
clay seams were observed at all localities. The consensus of all workers 
is that the formation represents a nearshore deposltlonal environment that 
was subjected, at intervals, to eustatlc sea level changes and/or tectonic 
movements which tended to alternately expose and submerge large portions 
of the gently sloping gradatlonal plain. 
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ANALYTICAL MSTHOSS 
Three main avenues of investigation were used to provide parameters 
for describing the sediments. These were: (1) organic matter content; 
(2) particle size distribution; and (3) faunal analysis. 
Organic Hatter (OH) 
Several techniques were investigated to find a fast, efficient method 
of determining organic matter content. The most efficient analysis is 
usually performed in a combustion train. The 8ang)l@ is ignited, the 
evolved CO2 is collected, weighed, and converted into weight of total 
carbon, inasmuch as a combustion train was not available, the ssthcd used 
was a wet oxidation technique presented by Maciolek (1962), further modi­
fied for use with the Beckman Model B. Spectrophotometer. 
The sasçles were ground in a steel mortar to pass a #100 U. S. 
Standard Seive. A one gram portion was placed In a 250 ml. Srlenmeyer 
flask and 5 ml. of 1^ N. K2Cr20y were added. Ten ml. of concentrated H2SO4 
(98%) were rapidly added from a 250 ml. burette and tba samples placed in 
a boiling water bath for 3 hours. Oxidation proceeds more efficiently at 
higher temperatures and, although the formation of chromic acid from the 
reaction of K2Cr207 and H2SO4 is extremely exothermic (temperatures of 
160°C or greater), this heat is soon dissipated unless maintained in a 
boiling water bath. Maciolek shows graphically the increased efficiency 
obtained by this method. Reduction of the chromic acid due to the oxida­
tion of the sample is accompanied by distinct color changes, from bright 
or#nge to dark green to blue depending on the amount of organic matter 
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oxidized. It should therefore, be possible to relate changing shades of 
color to changes in amounts of organic matter. These color differences 
wsrs ssasured by the spectrophotometer; using a wavelength of 645 mji, a 
red filter and sensitivity of 4. 
Initially, a calibration curve was prepared, using powdered alfalfa 
and pure silica sand in various percentages. After addition of the rea­
gents and the 3-hour digestion, the supernatant liquid was centrifuged 
for 5 minutes and amount of light absorbance by the solution was measured. 
Absorbance increased linearly with increasing organic matter âuù a 
sion line was fitted to the plotted points (Fig. 4). All sang*les examined 
were then compared against this calibration curve to determine the percent 
organic matter in the sediment. 
' A question might arise as to the validity of using alfalfa as a 
standard for measuring the organic content oz marine sediments. Waksman 
(1933) has cosssented that the percentage of carbon in marine organic matter 
falls within the range of terrestrial plants. Hie actual carbon content 
of most marine sediments is extremely variable, but Waksman calculated 
that 58% of the organic content was pure organic carbon. Inasmuch as 
marine organic matter was not available for a standard, it was bellied 
that alfalfa would be as representative as any other material. 
A discrepancy in accuracy of this technique may be attributed to the 
small size of the sample. Saoq>ling bias in a 1 gram sample may cause 
rather large inaccuracies in the percentage of organic matter found. How­
ever, the oxidation of a larger sample does not proceed as rapidly nor as 
completely. It was believed that randomization could be accomplished suf­
ficiently to Insure homogeneity of organic matter within a larger powdered 
Fig. 4. Calibration curve showing the linear relationship between 
organic matter and absotbance as measured by the Beckman 
Model B. Spectrophotometer. Organic matter standards were 
made from powdered alfalfa and pure silica sand 
% ORGANIC MATTER 
sample and the 1 gram sample was then drawn from this larger unit. %ese 
controls were preferable to using a larger eanmle and introducing error 
by incomplete oxidation (which could not be controlled). 
Particle Size Distribution 
Particle size distribution analyses were made through the use of the 
Bouyoucos hydrometer and the air Jet dispersion apparatus. Cumulative 
curves for each saople analyzed were constructed and the parameters: 
Median diameter (Mg), sorting coefficient (s^), and skewness coefficient 
(Sk), were determined after the method of Trask (1932). The varying per­
centages of gravel, sand, silt, and clay, defined on the basis of grain 
diameter rather than chemical conqposition, were also determined. The size 
grades used were: gravel (greater than 2.0 mm.), sand (0.062 mm. to 2.0 
mm.), silt (0.005 mm. to 0.062 mn.), and clay (less than 0.005 mm.). 
Zoological Analysis 
The presence or absence of fossils was determined by scanning material 
retained on the U. S. Standard Seive #100 (0.149 mm.) after conqpletlon of 
the seive analysis of the sample. For the initial rough correlations, 
only the presence or absence of mlcrofosslls was noted. For more quanti­
tative work, separate sediment samples of 50 grams wet weight were 
analyzed. The samples were dried, deflocculAted %rLth a dilute solution of 
sodium hezametaphosphate and washed through a U. S. Standard Seive #200. 
The mlcrofosslls were removed from the clastic particles by flotation with 
carbon tetrachloride and Isolated on the U. S. Standard Seive #100. In 
sediments having a variable history of marine and non-marine processes. 
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the validity of a rigorous percentage of abundance analysis as indicating 
precise envlronaental interprétation* must be considered questionable. 
I 
Consequently, a systessatlc analysis of this nature was not undertaken but 
rather the entire assemblage was considered repzâsentative of the sedi­
mentary environment. Features such as discoloratlori, abundance of 
fragmented forms, abnormalities « diversity of species and general richness 
of the population are believed to provide an accurate Interpretation of 
deposltlonal conditions. Photomicrographs of the major assemblages are 
presented in the Appendix. 
Sampling Procedure 
The samples included over 250 ditch (conçosite cuttings) saiqples and 
33 cores, averaging 1 foot in length. The ditch saoq>les were taken at 
2.5 foot intervals, with frequent cleaning of the hole between samples. 
Cores were taken at 10 foot intervals wherever feasible. Casing was used 
in all holes with the exception of hole BIA #13 which was drilled the 
entire depth through frozen ground. 
Analysis of variance between cores and composite cutting sanqples 
indicates-some interesting facts concerning the sampling procedure. The 
analysis was performed to ascertain whether any significant differences 
exist between the parameters, ly, S^, and of cores and conposite 
cutting samples from the same lithologie unit. 
F-tests were performed following the procedures described by Snedecor 
(1956) with the following results: 
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Analysis of 
ourcc of variation Segree of freedom Sum of squares Nean square 
Trsatasnt 1 0.0721 0.0721 
Error 40 0.0055 0.0014 
Total 41 0.0777 
Fao 0.07214 = 319.02 (Significant at 1% significance levels) 
0.0014 
Analysis of Sq 
Source of Yarlftlon maerae of fraedoja Sum of squares Mean square 
Treatment 
Brror 
Total 
1 
30 
31 
F&Q 0.006 - 0.0021 (Nonsignificant) 
4.644 
0.006 
139.330 
139.140 
0.006 
4.644 
Source of variation 
Treatment 
Error 
Total 
Analysis of S^ 
Degree of freedom Sum of squares 
1 
32 
33 
0.145 
^ 0.225 
0.647 (Nonsignificant) 
0.145 
7.140 
7.285 
Maan square 
0.145 
0.225 
The analysis of variance and F-tests indicate that a significant dif­
ference exists between the ty of the cutting samples and the of the 
core sang)les; however, no difference exists between the and S^. 
The significance differences between the median diameters of the com­
posite cutting samples and the core sangles means that some bias exists 
in the manner of sampling of the composite cutting samples. These samples 
were taken from a slurry %rtilch existed at the bottom of the hole by a 
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specialized bailing tool. This tool consisted of a pipe equipped with a 
butterfly valve located at its lower end, A trigger protruded several 
inches below the lower end of the pipe and would automatically close the 
butterfly valve when actuated. The bailing tool would descend through the 
slurry with valve open. The pipé would fill with the liquid until the 
triggering mechanism made contact with the bottom of the hole. The 
butterfly valve would close and retain the slurry in the pipe until it 
was again opened. In this manner, the bailing tool never fully san^led 
from the bottom of the hole but always a tew inches above che bottom. 
In sampling homogeneous units of uniform particle sizes no errors would 
be introduced. However, in poorly-sorted sediments, stratification of 
the sample would probably occur as the result of a gravity separation. 
The coarser sizes would remain in the few inches of slurry left at the 
bottom of the hole. The distribution of the particles within the sang»le 
would remain the same, with the exception of the loss of the coarsest 
particles, but the entire particle size distribution curve would most 
probably shift slightly to the finer grades. This shift would change the 
position of the median diameter toward the smaller particle size. In­
spection of the data (Table 1, Appendix) Indicates that, in many cases, 
the median diameter of the composite cutting samples are smaller than the 
corresponding core taken at nearly the same depth. However, it is also 
noted that Just as frequently the reverse is true. Such an occurrence 
may possibly illustrate the heterogeneity of the sediments or it may 
Illustrate improper labelling of the composite cutting samples. 
The non-significance of the sorting and skewness coefficients between 
cores and composite cutting samples is most encouraging. Inasmuch as 
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and define the shape of the distribution curve rather than represent 
any finite point on the curve, they are eousidered to be reliable 
parameters to adequately repreae&t the unit sasyled and to be used for 
horizontal correlation. 
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STRATIGRAPHY 
General Statement 
Any attempt to decipher the history of the Gublk formation requires 
the study of its sediments to determine its lithologie units and their 
corresponding lateral and vertical extent. Most lithologie descriptions 
of the Gublk formation have been taken from exposures along stream valleys 
and sea cliffs. - Subsurface data from the Gublk formation are, in 
general, non-existent or unavailable. Due to the general inaccessibilicy 
and cost of exploratory operations on the arctic coastal plain, samples 
from any individual test hole assume a greater significance than in a 
congiarable area in a temperate region. 
The material presented in this section Is concerned with the descrip­
tion of the varlovs sedimentary units observed during the drilling of 11 
test holes through the sediments underlying Nerravak Slough, an area of 
less than 1 square mile. TRie lithologie and paléontologie characteristics 
of each unit are presented and correlation of these units from hole to 
hole is attempted. Data from these sediments, along with core photographs 
and descriptions, and microfossil photographs are Included as an Appendix. 
The "Gublk-Cretaceous" Contact 
The %ubik-Cretaeeous" contact has been difficult to discern in the 
subsurface. Probably the reason for such difficulty has been the method 
by which the sediments were Investigated. Rotary drilling methods were 
used during the period of active petroleum exploration in the late 1940's 
and early 1950*8 and the top 100' or so of "unconsolidated" material was 
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categorized as the "cover" to penetrate to reach the "producing" rocks. 
Consequently, few detailed well legs from this period are available for 
the Gubik formation. 
The following tabulation, taken from Collins (1961), shows the depths 
below sea level at lAich the "Gublk-Cretaceous" contact was believed to 
have been penetrated in several of these test holes: 
Well Total depth to contact Elev.(a.s.1.) Depth(b.s.1.) 
Barrow Gore Big Test I 85' 13' -72' 
Barrow Big Rig Test 1 100'(?) 16' 
3 1 
Arcon Barrow Core Test 1 60' 18'6" -41'6 
South Barrow Test well 1 70' 18' -52' 
South Barrow Test Well 2 80' 34'6" -45'6 
South Barrow Test Well 3 65' 44' -21' 
South Barrow Test Well 4 120' 43' -77' 
It was noted that the "Gublk-Cretaceous" contact was picked on the 
basis of lithologie changes typically associated with Cretaceous rocks. 
For exanple, Collins, referring to South Barrow Test Well 1, states (1961, 
page 586): "The contact is placed at 70 feet, where the first abundant 
subangular, clear and lAlte quartz sand typical of the Nanushuk group 
was noted, contrasting with the clear, yellow, or black well-rounded 
quartz and chert of the overlying Gubik formation." The log of South 
Barrow Test Well 2 (page 598) reads: "Sanqiles from 80-90 feet consist 
primarily of send and gravel as described above, but a small amount of 
rather dissimilar sand, which resembles that described at 115-250 feet 
below, suggests that the top of the Cretaceous beds (Topagoruk formation) 
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is at 80 feet". For South Barrow Test Well 3, the statement (page 611): 
"The Gubik formation Is presumed to be present in this test to a depth of 
65 feet; no aaayles were available fros shallower depths and sssg^les 
below that depth resemble Cretaceous rocks". Cretaceous rocks were 
definitely known only «Aien identifiable fossil fragments were recovered. 
In South Barrow Test Well #1, an Inoceraiaus fragment was observed at 105' 
and yet the "Gubik-Cretaceous" contact was drawn at 70'. In South Barrow 
Test Well #2, a Cretaceous foraminifer was found from 95' to 100' and 
yet the top of the Cretaceous was placed at 80' for lithological reasons. 
A similar situation was experienced during this investigation. Hole 
BIÂ #5 penetrated a grayish, sandy silt at -65'6" but found undisputable 
Cretaceous microfossils in sediments of comparable appearance at -102'. 
The gray silty unit was penetrated in BIA #1 at -78'6"; in BIA #12 at 
-57'6", and in BIA #13 at -65'. Examination of the microfossil fauna 
from this silty unit in all holes indicates it to be essentially « con­
tinuation of the typical Pleistocene fauna found in the sequence definitely 
known to be Gubik. Some additions to the faunal list can be made, but 
these silty sediments are still dominated by species of Klphidium. Nonion. 
Eponides. Polvmorphina. and Cassldullna. the latter perhaps indicating a 
change in the water depths from those of the upper units. It could be 
postulated that this silty unit may be a marine fades of the terrestrial 
Sagavanlrktok formation of early Tertiary age. The Sagavanirktok formation 
appears to be in angular unconformity with the overlying Gubik in an area 
west of the Colville River (Payne, et al., 1951) and an unconformity is 
indicated in BIA #5 It is equally possible, as suggested by O'Sullivan 
(1961) that these sediments may be Pliocene(?) and may correlate with the 
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Pliocene(?) section along the Colvllle River. It may likewise be possible 
that this unit is an atypical part of the Subik as suggested by Collins 
(1961), but this is not consldereu probable. Esther, it is believsd that 
this unit is late Pliocene(7) having been deposited during the transgres­
sion postulated by Hopkins (1959). Iftitil paléontologie criteria are 
developed which can serve to definitely distinguish between late Pliocene 
microfossils and early Pleistocene microfossils, all deposited under 
arctic conditions, some doubt will remain. The question may best be 
settled on the basis of macrofossils, particularly pelecypods, of which 
numerous fragments occur In several cores from this unit. However, the 
state of fragmentation precludes the possibility of certain identifica­
tion at this time. 
Sunmarizlng, it appears that a unit of Pliocene(7) silt exists between 
the overlying Gubik (Pleistocene) formation and the underlying Cretaceous 
shales in the Barrow area. The Cretaceous rocks have been definitely 
located at a depth of 102 to 104'. The upper surface of the Pliocene (?) 
sediments is somewhat variable, but is generally found between 55 and 70' 
below sea level in the BIA holes. The contact called "Gublk-Cretaceous" 
by the petroleum workers is most probably a Gubik-Pliocene contact. 
Subsurface Sections 
The stratigraphie sections are listed numerically rather than as 
profiles or in order of drilling. The stratigraphy of each hole was based 
on the percentage of each constituent; gravel, sand, silt, and clay, as 
determined from the cumulative distribution curve of each sample. These 
percentages were plotted graphically with depth and the resulting graph 
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is found within the text. All depths in this section were measured from 
sea level down and will be designated with a minus (-) sign. Feet will be 
designated with (') and inches with the symbol (")• Other abbreviations 
used are: ly (median diameter), (sorting coefficient), (skewness 
coefficient) and (Ni (organic matter content). Fig. 5 shows the location 
of each hole. 
Stratigraphy of BIA #1 Depth (b.s.l.) 
0 to -4'9" 
-4'9" to -17' 
-17' to -19' 
19' to 31' 
Ice 
Black iagoonai sediments. See Appendix for descripLlou 
of Core #1, 7'6" to 9*6". Marine fossils. 
Avg. = 0.0038 mm. (range from 0.0027 mm. to 
0.0044 SS2.) 
Avg. SQ = 2.656 (only calculated for 1 sanqple) 
Avg. Sjj » 1.295 (only calculated for 1 sainple) 
Avg. OM = 8.70% (range from 8.45% to 9.05%) 
Admixed sands and silts - nonfossiliferous 
= 0.125 mm. (one sample taken, no average) 
Sq » 1.858 
» 0.389 
CM » 3.60% 
Black, fossillferous clay. See Appendix for description 
of Core #1, 18'6" to 19'6". 
Avg. " 0.0041 mm. (range from 0.0027 mm. to 
0.0080 mm.) S^ and Sj^ were not calculated due 
to inability to discern 1st quartile of the cumu­
lative curve. However, S^ would, in all instances, 
be greater than 6.000 and S^ would be less than 
Fig. 5. Mnp of Nerravak Slough and location of all BLk drill holes 
BROWGgVILLE 
N E R R  A V A K  
S L O U G H  
BARROW 
VILLAGE 
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0.100. 
Avg. (SI = ?.8Q% (rangs frosa 2.45% to 9.25%) 
31' to -7S'6" Generally a ncafossiliferous unit; being characterized by 
high sand and low silt and clay percentages with scattered 
gravels, ^e few fossils observed look worn and reworked. 
It is possible to discern four distinct lithologie changes 
reflected by changing size percentages and fluctuating 
organic matter contents. The upper unit, from -31' 
to -45', averages about 50% sand, slit, and 16% 
clay. Three saiqples from this unit exhibit little vari­
ability, attesting to its uniformity. 
Avg. ty = 0.075 mm. (range from 0.066 mm. to 0.087 
mm.) 
Avg. Sg » 2.396 (range from 1.863 to 2.744) 
Avg. Sjj » 0.300 (range from 0.245 to 0.363) 
Avg. MI = 5.04% (range from 3.60% to 7.40%) 
The second unit, from -45' to -59'6", consists of a sandy 
gravel, showing progressively poorer sorting with an 
abrupt increase in organic matter at -55'. Gravel aver­
ages 10%, aand about 50%, silt about 22% and clay about 
18%. Weathered fossils were found at the base of this 
unit. 
Avg. ly » 0.097 mm. (range from 0.081 mm. to 0.110 
mm.) 
Avg. Sg » 4.464 (range from 1.642 to 7.518) 
Avg. Sj^ " 0.439 (range from 0.246 to 0.659) 
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Avg. QM = 5,36% (range from i.63% to 7.30%) 
The third unit, from -59'6" to -68*6", is a very clean, 
very well-sorted sand, having the lowest organic content 
of any unit in the entire sequence. The upper contact 
appears gradational into the overlying gravelly unit but 
the lower contact appears very sharp. 
Avg. » 0.132 mm. (range from 0.114 mm. to 0.150 
mm.) 
Avg. Sq = 1.324 (range from 1.168 Lu l.Svw) 
Avg. S]^ = 0.843 (range from 0.530 to 1.051) 
Avg. CM = 1.80% (range from 1.15% to 2.45%) 
The final unit of this nonfossiliferous sequence extends 
from -68'6" to -78'6". It exhibits a wide range of 
particle sizes, increasing from 72% of the particles being 
silt and clay sizes at the bottom to 59% being sand-sized 
or greater at the top. Organic matter content remains 
constant throughout the unit. 
Avg. = 0.066 mm. (range from 0.033 mn. to 0.098 
mm.) 
Avg. = 1.458 (range from 1.247 to 1.669) 
Avg. Sjj • 0.360 (range from 0.196 to 0.525) 
Avg. CM » 3.77% (range from 3.70% to 3.85%) 
U N C O N F O R M I T Y  
78*6" to -102' This section is fossiliferous throughout. A rising core 
inside the casing eliminated the taking of numerous samples. 
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however, the,few samples Indicated the section to be quite 
variable in particle sizes and abundances. Generally, a 
very fine grained, silty sand - dominantly well sorted, 
subangular to subrounded quartz and black chert grains. 
Avg. «y = 0.059 QoB. (range from 0.0080 ssa. to 0.098 
nm.) 
Avg. Sq = 2.664 (range from 1.483 to 4.026) 
Avg. S]£ = 0.3226 (range from 0.133 to 0.573) 
Avg. OM - 3.UZ% (range from 1.556 to 4.95%) 
!Riis hole terminates at -102' in a medium-gray, bedded, 
sandy silty clay of Cretaceous age. 
= 0.0030 mm. 
Sq = Greater than 6.000 
= Smaller than 0.100 
OM = Not measured 
Depth (b.s.l.) Stratigraphy of BIA #3 
0' to -2' Ice 
-2' to -4' Sandy gravel 
-4' to -9' Black, silty sand 
-9' to -19' Gravelly sand. Coarse at top, decreasing in particle 
size to base (gradational into lower unit). 
Avg. » 0.0136 am. (range from 0*0052 nm. to 0.0275 
mm.) Sg and Sj^ were not calculated due to inability 
to discern 1st quartile of cumulative curve. However, 
Sg would, in all instances be greater than 6.000 and 
Fig. 6. Stratigraphy of BIA #1 as indicated by changing percentages 
of gravel, sand, silt, and clay-sized particles 
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would be less than 0.100. 
Avg. OH" 7.05% (range from 5.60% to 7.65%) 
-19' to -25' Black» fossiliferous clay. See Appendix for description 
of Core #4, 18'6" to 19'6". 
Avg. ry * 0.0027 mm. (range from 0.0023 sbs. to 0.0036 
mm.) 
Sg and S]^ were not calculated due to inability to 
discern Ist quart!le of cumulative curve. However, 
Sq would. In ail instances, be greacer than 6.000 
and would be less than 0.100. 
Avg. CM = 8.00% (range from 7.96% to 8.05%). 
-25' to -29' Gravelly sand containing some reworked fossils. 
Avg. » 0.104 mm. (range from 0.034 mm. to 0.148 
mm.) 
Avg. S- • 3-702 (range from 1.782 to 7.440) 
Avg. « 0.446 (range from 0.168 to 0.603) 
Avg. OH* 4.25% (range from 3.15% to 6.65%) 
-29' to -36' Very well-sorted, fine to medium grained sand - occasional 
occurrence of fossils. 
Avg. » 0.112 mm. (range from 0.091 #m. to 0.127 
mm.) 
Avg. Sq • 1.499 (range from 1.312 to 1.971) 
Avg. Sj^ " 0.782 (range from 0.609 to 0.949) 
Avg. OH » 3.02% (range from 2.15% to 4.20%) 
-36' to -38'6" Sandy silty clay associated with large (3" long) pieces 
of wood and peaty material - fossiliferous. 
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ty = 0.026 mm. 
Sg = 9.28 
» 0.177 
OM " 6.95% 
-38*6" to -40' Light brown, fine-to medium-grained, very homogeneous 
sand - nonfossiliferous. See Appendix for description of 
Core #3, 40' to 41' A. 
" 0.084 mm. (only one sample taken - no average) 
- 1.484 o 
Sj^ - 0.598 
OM » 1.75% 
-40' to -(?)' Black, fossiliferous, gravelly silt. See Appendix for 
description of Core #3, 40' to 41' B. 
Avg. = 0.020 mm. (range from 0.018 mm. to 0.023 
=sa.) 
Avg. SQ » 7.789 (range from 6.424 to 9.254) 
Avg. S^ = 0.370 (range from 0.153 to 0.586) 
OM = 6.85% (only one sample measured) 
Depth (b.8.1.) Stratigraphy of BIA #4 
0' to -3'9" Ice 
-3*9" to -8'6" Grayish brown sand intermixed with some gravel. Nonfossil­
iferous. 
Avg. = 0.163 mm. (range from 0.180 mm. to 0.146 
mm.) 
Avg. SQ • 1.406 (range from 1.397 to 1.415) 
Fig. 7. Stratigraphy of BIA #3 as indicated by changing percentages 
of gravel, sand, silt, and clay-sized particles 
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Avg. Sjj » 0.863 (range from 0.949 to 0.777) 
Avg. OK = No datermia&tion organic isatter. 
-8'6" to -18' Sandy grâvêl. Coarse at top, decreasing in particle size 
to base. Grades into lower unit. 
Avg. ny » 1.63 mm. (range from 0.35 mm. to 2.55 mm.) 
Avg- Sq = 2.771 (range from 1.603 to 3.599) 
Avg. » 0.594 (range from 0.299 to 0.902) 
Avg. OM » 2.13% (range from 0.90% to 3.30%) 
-18' to -27' Black, Xossiliferous clay. See Appendix for description 
of Core #4, 18'6" to 19'6". 
Avg. = 0.0067 ma. (range from 0.0063 mm. to 0.0071 
mm.) 
Sg and Sj^ were not calculated due to inability to 
discern 1st quartlle of the cumulative curve. How­
ever, Sg would; in all instances, be greater than 
6.000 and Sj^ would be less than 0.100. 
Avg. OM = 5.06% (range from 4.52% to 5.60%) 
-27' to -32'6" Grayish, sandy, silty clay - nonfossiliferous; contains 
thin sand lenses and much organic matter. See Appendix 
for description of lower half of Core #4, 27'6" - 28*6". 
Avg. » 0.062 mm. (range from 0.021 mm. to 0.098 
mm. ) 
Avg. Sg • 4.490 (range from 3.00 to 5.98) 
Avg. S^ » 0.800 (range from 0.676 to 0.924) 
Avg. OM " 3.03% (range from 2.50% to 3.60%) 
-32'6" to -37'6" Very-well-sorted, fossiliferous sand, increasing in 
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silt with depth. 
Avg. fy " 0.131 mm. (range from 0.125 mm. to 0.138 
mm.) 
Avg. • 1.200 (range from 1.120 to 1.285) 
Avg. Sjj = 0.895 (range from 0.852 to 0.917) 
Avg. OM = 0.72% (range from 0.5% to 0.95%) 
-37'6" to -(?)' Brownish-gray, homogeneous, nonfosslllferous sllty 
sand. See Appendix for Gore #4, 41*6" to 42'6". 
Avg. » 0.109 nan. (range from 0.108 mm. to 0.113 
mm.) 
Avg. So • 1.529 (range from 1.470 to 1.592) 
Avg. Sjj = 0.724 (range from 0.660 to 0.809) 
Insufficient OM to be measured. 
Depth (b.s.l.) Stratigraphy of BIA #5 
0' to -8*6" Ice and water 
-8'6" to -11*6" Black, fetid, lagoonal muds 
-11*6" to -19' Admixed sands and gravels 
Avg. = 0.321 mm. (range from 0^162 mm. to 0.350 
mm.) 
Avg. Sg " 2.241 (range from 2.179 to 3.106) 
Avg. Sjj • 2.530 (range from 1.280 to 4.570) 
Avg. (HI • 6.97% (range from 5.95% to 8.00%) 
-19' to -30' Black clay - fossiliferous, particularly in the lower 
portion. 
Avg. Mj = 0.027 mm. (range from 0.0023 mm. to 0.0345 
Fig. 8. Stratigraphy of BIA #4 as indicated by changing percentages 
of gravel, sand, silt, and clay-sized particles 
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mm.) 
3Q and vera not calculated dus to inability to 
discern the 1st quartils of the cumulative curve. 
However, would, in all instances, be greater than 
6.000 and would be less than 0.100. 
Avg. OM = 5.20% (range from 2.70% to 7.55%) 
-30' to -61' Generally a nonfossiliferous unit, being characterized by 
high sand and low silt and clay percentages. It is some­
what variable, with three distinct lithologie changes 
reflected by changing sand, silt, and clay percentages. 
The upper unit, from -30' to *r39', is a light brownish 
yellow, fine to medium, subangular to subrounded quartz 
sand. A few small blebs of gray silt and a few dark brown 
layers at irregular intervals. 
Avg. » 0.128 mm. (range from 0.124 mm. to 0.130 
mm.) 
Avg. = 1.337 (range from 1.292 to 1.385) 
Avg. Sjj • 0.738 (range from 0.686 to 0.793) 
Avg. OM = 2.45% (range from 1.80% to 2.85%) 
A middle unit extends from -39' to -50' and is a brownish-
gray, fine- to medium-grained sand. Appears homogeneous 
with the exception of some thin (1/8" to 1/4") black silt 
bands. Mineral grains are subangular to subrounded, 
dominantly clear quartz and yellow chert with abundant 
coal. The sediments are very-well-sorted and differ from 
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the upper unit only in the slight increase of silt-sized 
particles and a corresponding decrease of sand» with no 
changes in clay. 
Avg. " 0.113 mm. (ranges from 0.098 mm. to 0.132 
mm.) 
Avg. Sq « 1.513 (range from 1.330 to 1.777) 
Avg. Sjj = 0.792 (range from 0.603 to 0.955) 
Avg. CM » 3.12% (range from 2.05% to 5.00%) 
Rie lower unit» described as a dark-gray to black, silcy 
sand-uniform texture, extends from -50' to -61' where the 
sequence terminates abruptly above a thin gravel unit. 
Avg. " 0.089 mm. (range from 0.070 ma. to 0.100 
mm.) 
Avg. SQ = 2.147 (range from 2.015 to 2.427) 
Avg. " 0.467 (range from 0.339 to 0.561) 
Avg. QM = 4 90% (range from 3.00 to 9.05%) 
Gravel (1/2" to 5/8" dia.) and sand with slight amounts 
of silt and clay are found from 61' to 62'6". 
« 0.151 mm. 
Sq - 3.289 
Sfc « 2.880 
OM » Not measured but presumed high because of wood 
fragments in sançle. 
The upper 1*6" (-61' to -62'6") consists of gravel which 
grades down into sand (75% to 80%) containing marine 
fossils (-62'6" to -65'6"). 
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Avg. = 0.120 am. (no range) 
S- = 1.741 (range frsa 1.568 to 1.91SÏ / 
1-010) 
Avg. OM » 4.35% (range from 2.05% to 6.65%) 
U N C O N F O R M I T Y  65'6 
65*6" to -102' Three distinct fossiliferous units can be distinguished 
in this section. The uppermost unit, from -65'6" to -75', 
is described as a very-fine-grained, silty sand - dominant-
ly well-sorted, subangular to subrounded quartz and black 
chert grains. Very uniform. 
Avg. Sg = 3.804 (range from 3.435 to 4.569) 
Avg. = 0.184 (range from 0.121 to 0.233) 
Avg. OH " 4.14% (range from 3.60% to 4.59%) 
A middle unit extends from -75' to -84' and differs from 
the upper unit by changing sand, silt, and clay percent­
ages. 
Avg. » 0.064 mm. (range from 0.047 mm. to 0.075 
mm.) 
Avg. » 2.867 (range from 2.249 to 3.552) 
Avg. • 0.326 (range from 0.191 to 9.437) 
Avg. ON » 2.89% (range from 2.20% to 3.50%) 
The final unit, from -84' to -102' is characterized by a 
variable silt percentage and a strikingly uniform clay 
mm.) 
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percentage. This unit is also fossiliferous, but in de-
cressisg ebundanee. 
Avge = 0,0609 mm. (range from 0.048 nan. to 0.080 
mm.) 
Âvg. Sq * 3.469 (range from 2.362 to 6.114) 
Avg. Sjj = 0.3347 (range from 0.132 to 0.437) 
Avg. OM = 2.81% (range from 2.20% to 3.30%) 
This hole terminates at -102' in a medium-gray, bedded, 
sandy, silty clay. 
ly » 0.0032 mm. (only one sanqple analyzed) 
Sq » Greater than 6.000 
" Smaller than 0.100 
OM - 6.05% 
A core from 102' to 102*9" in this material reveals the 
presence of undisputed Cretaceous microfossils, associated 
with abundant pyritized material (worm (?) burrows and 
gastropods). 
Depth (b.s.l.) Stratigraphy of BIA #6 
0' to -5'6" Ice 
-5'6" to -10'6" Admixed gravel, sand, silt, and clay. Color is black due 
to the clay. Gravel content diminished and clay content 
increases with depth-nonfossiliferous. 
Avg. » 0.086 mm. (range from 0.022 mm. to 0.185 
mm.) 
Avg. Sg " 10.41 (range from 9.58 to 11.64) 
Fig. 9. Stratigraphy of BIA #5 as indicated by changing percentages 
of gravel, sand, silt, and clay-sized particles 
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Âvg. S]^ = 2.43 (range from 0.64 to 5.04) 
Avg. CM" 1.17%, (range from 7.30% to 8,25%) 
-lO'v" to -15' Slack, fetid, fosailiferous» silty gand. See Appendix 
description of Core #6, 15' to 16' A. 
Avg. = 0.018 mm. (range from 0.0047 mm. to G.022 
mm.) 
Avg. Sq = 9.928 (range from 8.840 to 11.640) 
Avg. Sj, = 2.506 (range from 0.780 to 5.040) 
Avg. (Hi" 7.77% (range from 6.00% to 9.05%) 
-15' to -23' Loss of section - no sangles taken as casing moved through 
sediments While drilling. Drillers log indicates entry 
into a brownish clay. This unit was termed the "Quick" 
unit inasmuch as it possessed the properties associated 
with quicksand. 
=33' to -42' A nonfossiliferous, sandy clay at top to a nonfossilifer-
ous, very-well-sorted fine-grained sand at -42' where hole 
ended. 
Avg. = 0.084 mm. (range from 0.052 ran. to 0.110 
mm.) 
Avg. Sq » 1.75 (range from 1.16 to 2.48) 
Avg. » 0.667 (range from 0.521 to 1.020) 
Avg. œi = 1.80% (range from 1.30% to 2.35%) 
Depth (b.s.l.) Stratigraphy of BIA #7 
0' to -15'6" Gravel, coarse at top, becoming smaller and less abundant 
with depth. Two small units of black, sandy, fossillferous 
Fig. 10. Stratigraphy of BIA. #6 as Indicated by changing percentages 
of gravel, sand, silt, and clay-sized particles 
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silt are located between -8' and -10' and between -14*6" 
and -15'6" respectively, Data following do sot include 
these silty units 
Âvg. ty = 0.262 mm. (range from 0.035 mm. to 1.120 
Avg. Sg = 6.794 (range from 2.666 to 13.228) 
Avg. <• 0.242 (range from 0.123 to 0.333) 
Avg. OM " 4.70% (range from 3.80% to 5.90%) 
-15'6" to -27'6" Sand, grading from coarse to fine with depth. Well-sorted 
and fossiliferous. 
Avg. Mj = 0.124 mm. (range from 0.100 mm. to 0.152 
mm.) 
Avg. Sq = 1.426 (range from 1.222 to 1.868) 
Avg. S^ = 1.007 (range from 0.826 to 1.536) 
Avg. (3! » 2.12% (range from 1.20% to 2.65%) 
-27*6" to -32'6" Gravelly sand with large amounts of clay. Fossiliferous. 
See Appendix for description of Core #7, 30' to 31'. 
Avg. » 0.076 mm. (range from 0.064 mm. to 0.085 
mm.) 
Avg. Sg » 2.806 (range from 2.280 to 3.280) 
Avg. Sj^ » 0.468 (range from 0.369 to 0.717) 
Avg. (ttl = 2.97% (range from 2.40% to 3.55%) 
•32*6" to - (?)' Sand with increased silt and clay content. Poorly sorted-
fossiliferous. 
Avg. " 0.049 mm. (range from 0.046 mm. to 0.053 
mm.) 
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Avg. » 4.64 (range from 4.62 to 4.66) 
Avg. = 0.182 (range from 0.164 to 0.199) 
^g. (m = 1.35M (one sssçle aessured) 
Depth (b.8.1.) Stratigraphy of BIA #8 
0' to -10' Gravel, Increasing in sand with depth - nonfossiliferous. 
= 0.150 nm. (one sample only) 
Sq • 17.320 (one sample only) 
Si, • 0.333 (one sangple only) 
(Si = 8.15% (one saiqple only) 
-10' to -17'6" Slack, nonfossiliferous, silty clay. See Appendix for 
description of Core #8, 13'6" to 14'6". 
Avg. ly = 0.0109 mm. (range grom 0.0054 mm. to 0.0175 
mm.) 
Avg. Sq " 7.09 (for two of 4 sançles - range from 
5.58 to 8.60) 
Avg. S^ = 0.97 (for two of 4 sanqples - range from 
0.44 to 1.50) 
Avg. 0 " 6.61% (range from 5.50% to 7.60%) 
m 
-17'6" to -25' Gravelly sand, increasing in sand with depth. 
Avg. " 0.102 nm. (range from 0.061 mm. to 0.122 
mm.) 
Avg. S q • 3.71 (range from 1.49 to 6.67) 
Avg. S^ " 0.338 (range frmn 0.108 to 0.659) 
Avg. CM" 3.77% (range from 2.90% to 5*15%) 
-25' to -29' Black, highly laminated, silty sand becoming a sandy silt 
Fig. 11. Stratigraphy of BIA #7 as indicated by changing percentages 
of gravel, sand, silt, and clay-sized particles 
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with depth. See Appendix for description of Core #8, 28' 
to 29' 
Avg. ~ 0.0?? (range from 0,039 aasc to 0-132 
mm.) 
Avg. » 1.522 (range from 1.200 to 2.051) 
Avg. Sjj " 0.8181 (range from 0.503 to 1.015) 
Avg. OM « 6.13% (range from 1.30% to 13.00%) 
-29' to -39' Yellow-brown, nonfossiliferous sand, homogeneous near the 
top, increasing in sand content toward the base. 
Avg. = 0.078 mm. (range from 0.053 mm. to 0.106 
mm.) 
Avg. Sg = 2.455 (range from 1.224 to 5.640 mm.) 
Avg. Sj^ " 0.509 (range from 0.110 to 0.854) 
Avg. OM = 1.98% (range from 1.65% to 2.30%) 
-38' to - (?)' Bluish-gray, fossiliferous, silty sand. See Appendix for 
description of Core #9, 39' to 40'. 
Avg. Md " 0.084 mm. (range from 0.074 mm. to 0.095 
nBD. ) 
Avg. S q » 1.715 (range from 1.674 to 1.757) 
Avg. S^ " 0.628 (range from 0.604 to 0.651) 
OM = 1.25% (one sample only measured) 
Depth (b.s.l.) Stratigraphy of BIA #9 
0' to -5'6" Ice 
-5'6" to -10' Admixed gravels, sands, and silts - nonfossiliferous. 
See Appendix for description of Core #9, 10' to 11'. 
Fig" 12. Stratigraphy of BIA #8 as indicated by changing percentages 
of gravel, sand, silt, and clay-sized particles 
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Avg. = 0.058 fisa. (range from 0.005 mm. to 0.113 
as.) 
Sq cf coarse units averaged 1,64?; of fine unit 
was greater than 6.000. 
S]^  of coarse units averaged 0.736; o£ fine unit 
was less than 0.100. 
Avg. O H "  3.42% (range from 2.05% to 5.60%) 
-10' to -15' Dark-brown, highly organic sandy silt. See Appendix for 
description of Gore #9, 10' to 11'. 
Av^ . ty = 0.036 mm. (range from 0.024 mm. to 0.047 
mm.) 
Avg. » 2.899 (range from 1.485 to 6.780) 
Avg. " 0.389 (range from 0.141 to 0.841) 
Avg. » 5.58% (range from 4.80% to 6.05%) 
-15' to -20'6" Black, fossiliferous, sandy silty clay with numerous 
gravel-sized particles. See Appendix for description of 
Core #9, 20' to 21'. 
Avg. » 0.102 mm. (range from 0.100 mm. to 0.103 
mm.) 
Avg. Sp " 2.328 (range from 2.309 to 2.360) 
Avg. S|^  » 0.619 (range from 0.612 to 0.627) 
Avg. OM » 3.10% (range from 2.70% to 3.70%) 
-20'6" to -29' Brown silty sand, becoming siltier with depth - fossilifer­
ous. 
Avg. » 0.060 mm. (range from 0.053 mm. to 0.120 
mm. ) 
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Avg. Sq " 3.51 (range from 1.57 to 5.64) 
Avg. Sjj = 0.306 (range from 0.110 to 0.598) 
Avg. œ» = 2.83% (range from 2.30% to 2.85%) 
-29' to -39' Yellow-brown, nonfosslllferous sand. Homogeneous near 
the top, Increasing in sand content toward the base. 
Avg. = 0.078 mm. (range from 0.053 mm. to 0.106 
mm.) 
Avg. Sq = 2.455 (range from 1.224 to 5.640) 
Avg. Sj^  = 0.509 (range from 0.110 to 0.854) 
Avg. CM = 1.98% (range from 1.65% to 2.30%) 
-39' to - (?)' Bluish-gray, fossiliferous, flilty sand. See Appendix for 
description of Core #9, 39' to 40' B. 
Avg. * 0.084 mm. (range from 0.074 mm. to 0.095 
mm.) 
Avg. Sq = 1.715 (range from 1.674 to 1 757) 
Avg. S)( = 0.628 (range from 0.604 to 0.651) 
OM » 1.25% (one sample only) 
Depth (b.s.l.) Stratigraphy of BIA #10 
0' to -5'9" Ice 
-5'9" to -7'6" Black, fetid, silty clay. See Appendix for description 
of Core #10, 6'6" to 7'6". 
» 0.0092 mm. (one sample only) 
Sq » 5.877 
Sjt » 0.494 
OM - 7.65% 
-7,'6" to -15' Li^ t-brown sand unit, increasing in sand portion with 
Fig. 13. Stratigraphy of BIA #9 as indicated by changing percentages 
of gravel* sand, silt, and clay-sized particles 
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depth - nonfossiliferous. 
Âvg. " 0.081 mm. (range from 0.035 mm. to 0.133 
mm.) 
Avg. Sg " 3.89 (range from 1.44 to 5.91) 
Avg. » 0.291 (range from 0.076 to 0.671) 
QM = 5.90% (range from 4.65% to 6.55%) 
-15' to -25' Gravel, with large amount of sand and low In silt and no 
clay. 
= 1.760 mm. 
Sg = 2.79 
Sk » 1.202 
OM = (no sample analyzed) 
-25' to -31'6" Very uniform, poorly-sorted, greenish-gray, silty sand -
nonfossiliferous. 
Âvg. " 0.052 mm. (range from 0.033 usm. to 0.062 
mm.) 
Avg. Sg » 3.833 (range from 3.544 to 4.200) 
Avg. " 0.248 (range from 0.127 to 0.318) 
Avg. OM a 2.45% (range from 2.05% to 2.85%) 
-31'6" to - (?)' Yellowish-brown, nonfossiliferous, well-sorted sand. 
See Appendix for description of Core #10, 32' to 33'. 
Distinguished from preceding unit by an increase in 
sand-sized particles. 
Avg. " 0.090 mm. (range from 0.080 mm. to 
0.096 mm.) 
Avg. Sq • 1.442 (range from 1.220 to 1.760) 
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Âvg. 8]^  = 0.762 (rangs from 0.576 to 1.024) 
Avg. (H5 » 2.04% (range from 1=73% to 2.35%) 
Depth (b.s.l.) Stratigraphy of BIA #12 
0' to -4'6" Ice 
-4'6" to -8'6" Water 
-8'6" to -18'4" Black, nonfosslliferous, silty clay. See Appendix for 
description of Core #12, 9' to 10'. 
= 0.0030 mm. (one sample - no average) 
Sp and S]^  not calculated due to inability to discern 
1st quartile of the cumulative curve. However, S^  
would be greater than 6.000. 
CM = 8.00% (one sample - no average) 
-18'4" to -30' Gravelly sand with variable silt and clay. Intermittent 
fossillferous and nonfosslliferous sediments. See Appendix 
for description of Core #12, 18*6" to 19'6". 
Avg. " 0.0704 mm. (range from 0.0222 mm. to 
0.030 mm.) 
Avg. S = 4.680 (range from 2.000 to 7.165) 
o 
Avg. Sj. » 0.275 (range from 0.100 to 0.758) 
Avg. OM " 5.72% (range from 1.10% to 8.35%) 
-30' to -51' Drillers logs indicate this to be a "Greenish color, fine 
sand and silt". This section was noted to be unstable 
with a rising core inside the sinking casing. Sampling 
was sporadic throughout this section and cores could not 
be obtained. This instability is probably due to high 
Fig. 14. Stratigraphy of BIÂ #10 as indicated by changing percentages 
of gravel, sand» silt, and clay-sized particles 
63 
% GRAVEL, SAND, SiLT, tt CLAY 
100 80 60 
SA 20— GR 
30 
40 
60 
70 
90 
100 
64 
interstitial brine contents which remained unfrozen. Sam­
ples were nonfossillferous. A lower portion of this unit 
was found in Core #12. 51' to 52'. See Appendix for 
description. 
Avg. = 0.085 ûmû. (rangs fross 0.076 sss. to 0.104 
mn.) 
Avg. Sg " 1.582 (range from 1.414 to 2.015) 
Avg. S)g = 0.689 (range from 0.505 to 0.811) 
Avg. ûn " i.ôzZ (range from 1.1GÂ Lu 2.10%) 
-51' to -57*6" Brown, well-sorted, nonfossillferous, sllty sand. Top 
contact of this unit Is found in Core #12, 51' to 52'. 
See Appendix for description. 
Avg. = 0.095 ran. (range from 0.072 mm. to 0.120 
ran.) 
Avg. Sq > 1.751 (range from 1.392 to 2.432) 
Avg. = 0.478 (range from 0.290 to 0.688) 
Avg. CM = 2.37% (range from 1.55% to 3.35%) 
U N C O N F O R M I T Y  - 5 7 ' 6 "  
-57'6" to -68' Dark-gray to black, poorly-sorted, fossillferous silty 
sand. Considered to be Fllocene(7) marine sediments. 
See Appendix for description of Core #12, 57'6" to 58*6". 
Avg. = 0.068 ran. (range from 0.021 mm. to 0.100 
ran.) 
Avg. Sg • 3.625 (range from 1.723 to 5.916) 
Avg. S^  « 0.260 (range from 0.171 to 0.407) 
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Avg. OM " 3.01% (range from 2.25% to 4.35%) 
-68' to -102'9" Two distinct units can be distinguished in this section. 
The upper units from -68' to -82*6". is characterized by 
constant sand, silt, and clay percentages. See Appendix 
for descriptions ox Core *12, 68'6" to ?o'ô", and Core 
#12, 78' to 79'. 
The lower unit, from -82'6" to -102'9", is more variable, 
showing a progressive increase in silt and clay content 
with depth. An abrupt change in particle size percentages 
serves to separate the upper unit from the lower unit. See 
Appendix for descriptions of Core #12, 86'6" to 87'6" and 
Core #12, 102' to 102'9". The latter core is conqtosed of 
Cretaceous rock. 
Detailed stratigraphy of BIA #13 was difficult inasmuch as no cores 
were taken and casing was not used. The danger of contamination by col­
lapse from above is someiAat lessened by the ever-present permafrost, 
however, brine pockets and briny lenses of gravel and sand make such 
contamination a distinct possibility. A large number of samples were 
taken and served to define the stratigraphy. 
Depth (b.s.l.) Stratigraphy of BIA #13 
0' to -3' Ice 
-3' to -4' Admixed gravels, sands, and silts - nonfosslliferous. 
ty » 0.300 mm. (one sample - no average) 
Sg « 4.833 
Sy. • 2.970 
Fig. 15. Stratigraphy of BIA #12 as Indicated by changing percentages 
of gravel, sand, silt, and clay-sized particles 
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ON - 4.45% 
-4' to -7'6" Gravels* %ith increasing sand eontent, decreasing silt 
and constant slay percentages - nonfossiliferons. 
Âvg. « 0.135 mm. (no range) 
Âvg. » 1.604 (range from 1.333 to 1.870) 
Âvg. S|^  = 0.850 (range from 0.829 to 0.871) 
OM » 2.25% (only one saiq>le measured) 
-7'6" to -15' Gravelly sand, characterized by fluctuating sand content, 
generally greater than 4i% - nonrossiiiferous, poorly-
sorted unit. High organic matter contents. 
Avg. = 0.105 mm. (range from 0.055 mm. to 0.160 
mm.) 
Avg. SQ - 5.02 (range from 2.62 to 8.15) 
Avg. Sjj = 0.973 (range from 0.197 to 2.970) 
Avg. OM « 5.26% (range from 4.30% to 6.25%) 
-15' to -22' Light-brown, fossiliferous, well-sorted sand. 
Avg. Md * 0.108 mm. (range from 0.091 mm. to 0.130 
mm.) 
Avg. » 1.66 (range from 1.470 to 1.890) 
Avg. Sjj • 0.630 (range from 0.484 to 0.790) 
Avg. OM » 2.22% (range from 1.85% to 2.85%) 
-22' to -36' Brownish sand and gravel. Characterized by constant 
sand, silt, and clay percentages - fossiliferous. 
Avg. Mj " 0.092 mm. (range from 0.083 mm. to 0.105 
mm.) 
Avg. Sq " 2.649 (range from 2.236 to 3.093) 
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Avg. Sj^  = 0.352 (range from 0.237 to 0.440) 
Avg. % = 2.05% (range from 1.45% te 2.95%) 
-36' to -50' Light-gray silty sand - nonfossiliferous 
Avg. » 0.088 mm. (range from 0.080 mm. to 0.100 
mm.) 
Avg. • 1.921 (range from 1.759 to 2.130) 
Avg. " 0.496 (range from 0.432 to 0.554) 
Avg OM = 1.87% (range from 1.35% to 2.25%) 
-50' to -57'6" Gravelly sand, increasing in sand content with depth -
nonfossiliferous. 
Avg. » 0.113 nm. (range from 0.105 mm. to 0.118 
nm.) 
Avg. Sg » 1.505 (range from 1.306 to 1.652) 
Avg. Sjç • 0.710 (range from 0.576 to 0.885) 
Avg. OM = 1.73% (range from 1.65% to 180%) 
-57'6" to -65' Light-gray silty sand - nonfossiliferous. Increasing silt 
and clay with depth. 
Avg. = 0.102 mm. (range from 0.100 nm. to 0.104 
mm.) 
Avg. Sg » 1.820 (range from 1.551 to 2.090) 
Avg. = 0.484 (range from 0.319 to 0.649) 
Avg. OM " 1.77% (range from 1.55% to 2.00%) 
U N C O N F O R M I T Y  - 6 5 '  
-65' to -87'6" Two units can be discerned from the data. The upper, 
extending from -65' to -81', is a mixture of sand, silt, 
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and clay in about equal proportions. The upper part of 
this unit appears gradaticasl. Indicating that the zone 
between -60' and -70' may consist of reworked ssdiisants. 
Avg. " 0.056 mm. (range from 0.041 mm. to 0.075 
mm.) 
Avg. Sq = 3.73 (range from 3.00 to 4.28) 
Avg. S]^  = 0.234 (range from 0.156 to 0.397) 
Avg. OM = 3.32% (range from 2.85% to 3.60%) 
The lower unit, extending from -81' to an unknown depth, 
differs from the upper unit only in an Increase of sand-
sized particles. 
Avg. f 0.07244m. (range from 0.062 mm. to 0.076 
mm.) 
Avg. So = 2.759 (range from 2.449 to 3.620) 
Avg. Sjj = 0.277 (rangs frost 0.182 to 0.361) 
Avg. OM = 2.73% (range from 2.50% to 2.95%) 
Recognizable Units 
The following is a description of the characteristics of the individ­
ual strata irtiich allow them to be recognized within the various test holes. 
Inasmuch as the test holes were drilled to different depths, each of the 
units discussed was not observed in all holes. Hoirever, three distinct 
sedimentary units have been recognized in the sediments penetrated by BIA 
#1, #5, #12, and #13. They represent sediments of Cretaceous, Pliocene(?) 
and Pleistocene age. They are discussed here in the order given. 
; V 
Fig. 16. Stratigraphy of BIÂ #13 as Indicated by changing percenCagea 
of gravel, sand, silt, and clay-sized particles 
Fig. 16. Stratigraphy of BIA #13 as indicated by changing percentages 
of gravel, sand, silt, and clay-sised particles 
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Cretaceous sediments 
Lithologie charac ter j s tic s The Cretaceous rocks exhibit the same 
characteristics in all holes and are readily recognized. In general » 
they are described as "a medium-gray, bedded, sandy, silty clay". Core 
#5, 102' to 102'9" (see Appendix) from this Cretaceous unit was analyzed 
for particle size distribution and organic matter content. Median diam­
eters averaged 0.0028 mm. (range from 0.0024 mm. to 0.0032 mm.). The unit 
is poorly-sorted, being domlnantly conmosed of clay-sized particles (60.0% 
to 67.5%). Due to inability to discern Qj (first quartile) the sorting 
coefficient of the core sample (SQ of Trask, 1934) could not be calculated. 
However, composite cutting sanqples from about this same depth yield sorting 
coefficients 4.026 (BIA #1, 102'), 4.826 (BIA #5, 103') and 6.729 (BIA #5, 
104') indicating the sediment to be domlnantly one size. The organic 
matter content of Core #12, 102' to 102'9" is quite high. Sang;les 
measured from the top and bottom of the core indicate an average organic 
matter content of 5.75% (range from 6.05% to 5.45%). 
Paléontologie characteristics The material of Core #12, 102' to 
102'9" is quite fossillferous. Pelecypod shell fragments were noted, 
however, they were too small to permit identification. Microfosslls 
(Foraminifera and ostracodes(?)) are present. Among the foramlnlfera 
are species of Vemeulina and Burvchellostoma which have been reported 
from oil well cuttings as Cretaceous in age by Tappan in Payne, et al. 
(1951). It is notable that for the first time in the entire investigation, 
arenaceous foramlnlfera were found. In many cases, these were quite 
badly crushed but were recognizable as species of the genus Trochammina. 
Particularly interesting was the occurrence of abundant pyrite, usually 
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as incoherent pyritic laasses but often seen to be incorporated within the 
foraminiferal tests. A eoamlete-pyritized gastropod was also seen. No 
areas of abundant pyrite have been observed in the sediments overlying 
the Cretaceous rocks. Consequently, in lieu of any other evidence, the 
first abundant occurrence of pyrite may ssark the top of the Cretaceous 
rocks in the Barrow area. 
Pliocene(?) sediments 
Lithologie characteristics The sediments comprising this unit are 
described generally as "light-gray to dark-gray fossilferous fine-grained, 
generally homogeneous silty sand to sandy silt". The unit is generally 
fairly sell-sorted and tezturally homogeneovA. Exceptions occur in the 
form of thin lenses of sand-and/or clay-size particles. Four cores were 
taken from within this unit (BIA #12, 57'6" to 58'6", BIA #12, 68'6" to 
69*6", BIA #12, 78' to 79', and BIA #12, 86*6" to 87'6" - see Appendix). 
Microscopic examinatlon of the cores indicates the presence of an abundance 
of subangular to subrounded white and clear quartz. Blotite mica, coal, 
and amber fragments were common. Chert grains are commonly black with 
minor amounts of angular light-green chert also occurring. Organic matter 
contents of the cores are low, varying between 2.80% and 4.35% with an 
average of 3.33%. Cores from this unit were not obtained from BIA #1, 
#S or #13. However, examination of composite cutting sauyles from these 
holes indicate the same characteristics prevail In them as noted in the 
cores. 
Averages of various parameters from the mechanical and organic matter 
analysis of the composite cutting samples and cores are: 
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Avg. ly Avg. Sq Avg. Sit Avg. OM 
0.054 ms. 4.312 0.2585 3.22% 
Avg. Gravel % Avg. Sand % Avg. Silt % Avg. Clay % 
0.00 45.5 28.5 26.0 
These averages are thought to be representative of the lithologie charac­
teristics of this unit. 
The thickness of this unit can only be determined from BIA #1, 
#5, and #12 and estimated from BIA #13 inasmuch as it was drilled only to 
-87'. However, in BIA #1, this unit was penetrated at -78'6" indicating 
a thickness of 23'6" (Cretaceous bedrock at -102'); in BIA #5, at -65'6" 
indicating a thickness of 36'6" (Cretaceous bedrock at -102'); and in 
BIA #12, at -57'6", indicating a thickness of 45'3" (Cretaceous bedrock 
at -102*9"). BIA #13 penetrated this unit at -65' and, assuming Cretaceous 
bedrock to occur at -102', indicates a thickness of 35' for this unit in 
that hole. An average thickness of the Pliocene(?) sediments is approxi­
mately 35 ' . 
Paléontologie characteristics Both micro- and macro-invertebrate 
fossils are found throughout this unit. Pelecypod shell fragments are 
abundant as local concentrations In sand lenses. As observed in the 
cores, the shell fragments are oriented with their concave side up. At 
least two genera appear to make up this portion of the fauna. Fragments 
of smooth, heavy shells are found with fragments of striated, thin shells 
(Pecten ?). The fragments are unsorted, large and small fragments being 
found together. In all cases, the shells are too fragmented to enable 
(certain) identification. Mlcrofosslls, both foramlnifera and ostracodes 
are abundant, along with sponge (?) spicules and/or echlnold spines. In 
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general, the entire section is very fossiliferous, with localized areas 
of lesser fauna occurring near the base. 
Examination of Gûïê #12, 57*6" to 58'6" , Gore #12, 68'6" to 69'6", 
Core #12, 78' to 79', and Core #12, 86'6" to 87'6", reveals a large number 
of foraminiferal species and individuals (see Appendix for photographs 
of these assemblages). Their chambers are, for the most part. Intact; 
discoloration and solution features are rare. They show no sign of having 
been reworked from older sediments. However, the foraminifera from 
Core #12, 78' to 79' exhibit a brown stain which was absent from any pre­
ceding sangiles. This may be a localized diagenetic phenomenon rather 
than an environmental one because the condition of the fossils and the 
abundance of species and individuals does not differ from those found from 
cores higher in this section. 
The section discussed above has been determined to be Pliocene(?) in 
age. It is both lithologically and paleontologically distinct from the 
underlying Cretaceous rocks. 
However, its differentiation from the overlying sediments (to be 
discussed next) is more difficult. Although there is a good lithologie 
break; in that the general aspect of the unit, the type of clastic 
particles and associated minerals, all indicate dissimilarity with the 
overlying sediments; paleontologically the break is based only on the over­
all richness of the fauna as compared with that of the sediments directly 
above. These facts have led the writer to conclude that they are most 
probably late Pliocene (?) in age. This has been discussed previously in 
the section entitled "The Gubik-Cretaceous Contact". 
77 
Pleistocene sediments 
Lithologie characteristics The sediments above -78'6", -65'6", 
-57'6" and -63' in 5IÂ test holes #1, », #12, and #13 respectively are 
considered to be part of the Gubik formation. This formation is judged 
to be Pleistocene in age, on the basis of vertebrate and Invertebrate re­
mains found within the sediments (Ouaide (1950); Smith and Mertie (1930); 
Meed (1923)) and numerous radiocarbon dates on material taken from the 
sediments (Coulter, Hussey, and O'Sullivan (1960); Brown (1963)). The 
sediments are clastics, varying between silt- and clay-sized particles to 
gravel-sized particles. Although considered to be unconsolidated, perma­
frost acts as a cementing agent and the sediments respond to drilling as 
if they were consolidated. Moisture contents of some of the cores taken 
from the sediments range from 8.72% to 102.53% on a dry weight basis. 
Difficulty is experienced in determining parameters to characterize 
the sediments. Heterogeneity Is the rule and although some cores (BIÂ 
#10, 32' to 33'; Core #4, 41'6" to 42'6") indicate sediments of uniform 
texture, this uniformity is not generally predictable as to its subsurface 
occurrence. Rather, cores such as Core #9, 29' to 30', Core #9, 10' to 
11', Core #3, 40' to 41' (see Appendix) are more common. Their hetero­
geneity is Indicated by the cumulative particle size distribution curve 
which shows the variation observed between the top and bottom of the core. 
Investigation of the sediments from BIA #1, #5, #12, and #13 allow 
some generalizations to be made concerning the sediments, regardless of 
the above described heterogeneity. At least two distinct sedimentary 
units are recognized, (1) UNIT 1-a relatively consistent, fine-grained 
lower unit, varying between 21' and 36' in thickness (2) UNIT 2- a 
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variable, heterogeneous, fine-grained unit ranging between 12' and 24' in 
thickness. Within each of these larger units are found several smaller 
"sub-units" possessing considerable horizontal continuity. The folloeiag 
subunits are recognized within Unit 1: 
Subunit lA. 
Avg. - 0.121 nm. (range from 0.110 mm. to 0.130 mm). 
Avg. Sg - 1.672 (range from 1.243 to 2.257) 
Avg. Sj^  - 1.1641 (range from 0.7879 to 1.8050) 
Avg. CM - 3.35% (range from 1.85% to 4.35%) 
Avg. Gravel - 33% (range from 2.0% to 5.5%) 
Avg. Sand - 70.3% (range from 69.2% to 72.0%) 
Avg. Silt - 14.4% (range from 11.7% to 13.0%) 
Avg. Clay - 10.2% (range from 7.0% to 13.0%) 
Subunit IB 
Avg. - 0.088 as. (range from 0.084 hss. to 0.092 mm.) 
Avg. SQ - 2.501 (range from 2.244 to 2.758) 
Avg. S|^  - 0.2981 (range from 0.2780 to 0.3183) 
Avg. Gravel - 0.5% (range from 0.0% to 2.80%) 
Avg. Sand - 55.2% (range from 53.4% to 57.0%) 
Avg. Silt - 26.4% (range from 25.5% to 27.4%) 
Avg. Clay - 17.3% (range from 16.5% to 18.2%) 
Subunit IC 
Avg. - 0.102 nm. (range from 0.086 mm. to 0.125 mm.) 
Avg. SQ - 2.133 (range from 1.4690 to 3.364) 
Avg. Sj^  - 0.5454 (range from 0.3784 to 0.7790) 
Avg. OH - 3.02% (range from 1.48% to 4.52%) 
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Avg. Gravel - 2.25% (range from 1.4% to 5.0%) 
Avg. Sand - 59.7% (rangs from 54.6% to ?4.2%) 
Avg. Silt - 21.7% (range from 14.3% to 27.3%) 
Avg. Clay - 13.9% (range from 11.4% to 16.5%) 
Subunit Id 
Avg. - 0.118 mm. (range from 0.094 mm. to 0.144 mm.) 
Avg. SQ - 2.186 (range from 1.471 to 2 667) 
Avg. Sj, - 0.6420 (range from 0.3789 to 0.7792) 
Avg. - 2.18% (range from 1.49% to 3. 
Avg. Gravel - 3.1% (range from 2.8% to 6.5%) 
Avg. Sand - 70.8% (range from 54.6% to 84.8%) 
Avg. Silt - 25.2% (range from 14.4% to 35.1%) 
Avg. Clay - 15.5% (range from 11.4% to 18.6%) 
Subunit ik 
Avg. - 0.100 mm. (range from 0.080 mm. to 0.116 mm.) 
Avg. Sq - 2.387 (range from 2.239 to 2.608) 
Avg. S^  - 0.4941 (range from 0.4497 to 0.5340) 
Avg. OM - 3.01% (range from 2.71% to 3.60%) 
Avg. Gravel - 5.6% (range from 3.33% to 7.8%) 
Avg. Sand - 58.2% (range from 47.5% to 64.8%) 
Avg. Silt - 21.2% (range from 14.3% to 29.0%) 
Avg. Clay - 15.0% (range from 13.2% to 16.8%) 
These averages were calculated for Unit 1 from composite cutting 
samples taken from where the unit occurred in BIA #1, #5, #12, and #13. 
The per-sample data for each of these holes are given in Table 2 
(Appendix). 
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Unit 2 is divided on a paléontologie and lithologie basis into two 
portions; aa upper and lower part. following are average character­
istics for the lower part of Unit 2 calculated from data of six holes 
from which the unit can be identified: 
Avg. - 0.0946 mm. (range from 0.0832 mm. to 0.101 mm.) 
Avg. Sq - 3.066 (range from 2.270 to 4.330) 
Avg. Sj^  - 0.4613 (range from 0.1830 to 0.8760) 
Avg. (M - 3.25% (range from 1.80% to 7.44%) 
Avg. Gravel - 2.4% (range from 0.0% to 8.5%) 
Avg. Sand - 48.3% (range from 13.0% to 66.0%) 
Avg. Silt - 23.2% (range from 17.6% to 37.0%) 
Avg. Clay - 24.1% (range from 9.8% to 49.7%) 
Unit 2 is seen to be a much more variable unit in all measurable 
parameters than Unit 1. 
Unit 2 estsnds from about -30' upward to the slough bottom and in­
cludes the sediments presently being deposited. Although similar in 
median diameters, all other parameters differ from Unit 1. Particularly 
noticeable is sorting and the distribution of particle size classes. 
The unit is poorly-sorted throughout, having the greatest abundance of 
particles in the smaller size classes. Greater variability is also 
indicated by comparison of the ranges of all parameters of both units. 
The general aspect of the lower part of Unit 2 is of a brownish-yellow 
to greenish-gray silty sand, generally containing lenses and pockets of 
gray to black silt and clay overlying a black fossillferous silty clay. 
Rounded and subrounded black and yellow chert pebbles are common with an 
occasional local occurrence of granitic pebbles. Organic matter contents 
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are generally low (high in the black clay) with sporadic occurrences 
wood fragments and plant material in localised lenses. 
The lower part of Unit 2 may bs divided into subunits on the ba 
of sedimentary parameters as follows : 
Subunit 2A 
Avg. - 0.0049 nm. (range from 0.0038 mm. to 0.0067" mm.) 
Avg. Sq - (not calculated due to inability to discern the first 
quartile of the cumulative curve. In all cases, the 
sorting is poor, > 6.00) 
Âvg. S]^  - (not calculated for the same reason as given above.) 
Avg. (XI - 6.28% (range from 3.55% to 7.84%) 
Avg. Gravel - 0.00% 
Avg. Sand - 14.05% (range from 8.66% to 10.50%) 
Avg. Silt - 39.6% (range from 31.5% to 36.8%) 
Avg. Clay - 51.9% (rangs from 45.5% to 55.6%) 
Fossils - very abundant 
Subunit 2B 
Avg. - 0.483 mm. (range from 0.085 mm. to 1.628 mm.) 
Avg. SQ - 2.885 (range from 1.870 to 4.574) 
Avg. S^  - 0.5011 (range from 0.1732 to 0.6356) 
Avg. W - 3.38% (range from 1.69% to 5.63%) 
Avg. Gravel - 13.3% (range from 2.0% to 39.8%) 
Avg. Sand - 56.8% (range from 50.5% to 70.75%) 
Avg. Silt - 18.9% (range from 8.00% to 31.5%) 
Avg. Clay - 13.8% (range from 2.00% to 21.9%) 
Fossils - Abundant 
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The upper part of Unit 2 is characterized by great contrasts between 
particle sizes and great homogeneity within particle sizes particularly 
the smaller sizes. It is more variable than the lower part o£ Unit 2. 
The following average parameters were calculated from eight holes: 
Avg. - 0.266 mm. (range from 0.0334 mm. to 1.0590 mm.) 
Avg. - 3.561 (range from 1.858 to 5.823) 
Avg. - 0.4965 (range from 0.2324 to 1.3460) 
Avg. OM - 4.37% (range from 2.04% to 5.75%) 
Avg. Gravel - 7.1% (range from 0.00% to 25.7%) 
Avg. Sand - 54.9% (range from 26.0% to 66.5%) 
Avg. Silt - 19.3% (range from 7.0% to 35.3%) 
Avg. Clay - 18.5% (range from 8.4% to 29.7%) 
This unit is striking in that it consists predominantly of either 
black, fetid, highly organic silts and clays, or coarse sands and gravels. 
In BIA #1, this black unit is 10' thick. A similar thickness occurs in 
BIA #3 Cores from this unit indicate it to be homogeneous throughout, 
having an average median diameter of 0.0040 mm. and organic matter content 
of about 8.00%. As would be expected, the black unit Is poorly-sorted 
(Sg greater than 6.000). The gravels vary In size, from a small "pea" 
gravel to one having particles up to several Inches in diameter. Dieir 
composition is about the same as the composition of the present beach 
referred to earlier, being dominated by pebbles of quartzlte and black and 
yellow chert. 
The upper part of Unit 2 is divided into four distinct subunlts 
having the following characteristics: 
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Subunit 2C 
Avg. - 0.040 ssss. (range froa 0.0009 nœ. to 0.066 mm.) 
Avg. SQ - S.645 (range froa 7.090 to 11.450) 
Avg. Sj^  - 0.9170 (range from 0.2500 to 2.1533) 
Avg. OM - 6.60% (range from 4.80% to 8.78%) 
Avg. Gravel - 5.5% (range from 8.5% to 13.5%) 
Avg. Sand - 33.8% (range from 20.5% to 49.5%) 
Avg. Silt - 28.6% (range from 20.7% to 34.5%) 
Avg. Clay - 34.2% (range from 27.5% to 45.0%) 
Fossils - scarce 
Subunlt 2D 
Avg. ^  - 0.064 mm. (range from 0.033 mm. to 0.096 mm.) 
Avg. Sq - 4.501 (range from 3.633 to 5.370) 
Avg. - 0.2855 (range from 0.2388 to 0.3313) 
Avg. - 5.51% (range from 5.42% to 5.60%) 
Avg. Gravel - 0.5% (range from 0.0% to 1.0%) 
Avg. Sand - 42.6% (range from 26.2% to 59.0%) 
Avg. Silt - 32.1% (range from 20.3% to 44.0%) 
Avg. Clay - 24.7% (range from 20.6% to 28.8%) 
Fossils - scarce 
Subunlt 2K 
Avg. - 0.196 mm. (range from 0.086 mm. to 0.352 mm.) 
Avg. S^  - 11.883 (range from 7.924 to 17.320) 
Avg. Sj^  - 0.2780 (range from 0.2430 to 0.3330) 
Avg. OM - 5.57% (range from 3.40% to 8.15%) 
Avg. Gravel - 14.2% (range from 7.0% to 18.0%) 
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Avg. Sand - 39.2% (range from 31.0% to 44.1%) 
Âvg. Silt - 19.5% (range from 13.3% to 25.5%) 
Âvg. Clay - 23.9% (range from 19.9% to 26.0%) 
Fossils - scarce 
Subunit 2F 
Avg. - 0.0052 mm. (range from 0.0034 mm. to 0.0083 mm.) 
Avg. Sq - 3.172 (range from 1.603 to 5.877) 
Avg. S^  - 0.4416 (range from 0.1237 to 1.2950) 
Avg. OM - 8.63% (range from 7.25% to 9.45%) 
Avg. Gravel - 0.00% 
Avg. Sand - 12.4% (range from 3.5% to 18.5%) 
% 
Avg. Silt - 38.1% (range from 29.0% to 68.0%) 
Avg. Clay - 49.2% (range from 20.0% to 59.5%) 
Fossils - scarce 
Paleontolo&ic characteristics The classification of the Pleisto­
cene sediments into Unit 1 and Unit 2 on a lithologie basis is further 
strengthened and Justified by consideration of their fossil assemblages. 
Examination of the coiq>osite cutting samples of the test holes, BIA #1, 
#5, #12, and #13 shows that each unit is characterized either by the 
presence or absence of fossils. 
Unit 1 - This unit is characteristically nonfossiliferous in all four 
holes. In BIA #S a few brown-stained, reworked-appearing foraminifera 
(Blphidium sp.) were found in sang*les from -35' and -37'. These may 
probably have been contaminants from the fossiliferous Unit 2 immediately 
above which may have fallen ahead of the casing. %e remainder of Unit 1 
was nonfossiliferous down to -65' where the Pliocene sediments were 
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penetrated. Although no animal remains were found, abundant plant frag­
ments and unidentifiable fibers were noted. Organic matter contents are 
low, averaging about 2.50%, Indicating that the plant remains do net con­
tribute significantly to the sediments. . 
Sanq>les from BIA #13 indicate a similar nonfossiliferous section 
exists from -33'6" to -60'. From -60' down to -65', a few plant chara-
phytes and fresh-water(?) mollusc shell fragments were noted and at -65' 
an abundant marine fauna abruptly appears. This occurrence marks the 
contact of Pleistocene-Pliocene sediments in this hole. 
Samples from BIA #1 indicate Unit 1 to be generally nonfossiliferous 
from -32' down to -78'6". However, a very few discolored foramlnifera 
(Elphidium sp.). ostracode and pelecypod fragments were noted at about 
-55' and continued down to -78'6" where the abundant marine fauna of the 
Pliocene sediments was found. The sançles at -40' and -45' were observed 
to contain some large (l/4" to 1/2") wood fragments which confirmed by 
their higher organic matter contents (4.60% and 4.55%). 
Unit 1 occurs in BIA #12 between -30' and q57'6". It is barren of 
fossils down to -51' where an abundant foramlniferal fauna occurs in the 
upper part of Core #12, 51' to 52'. The lower portion of the core is 
barren, but a composite cutting sangle at -53'6" Indicates the presence 
of foramlnifera. 
Unit 2 - All 11 test holes penetrated this unit and fossils were observed 
in the majority of samples taken. In general the sediments are dominated 
by species of Elphidium. Cribroelphldium. Eponldes. Nonion, Cassidulina 
and Qulnqulloculina; all foramlnifera generally known to inhabit nearshore 
coastal and lagoonal waters and capable of withstanding rapid and extreme 
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environmental changes. Ostracode carapaces, some complete and others 
separate and fragmented also occur. Many of these forms eidilblt heavy, 
coarse carapaces and belong to the genus "oraaaocvthsre. ïhe reasining 
genera eiAlblt varied morphologies and were not Identified during this 
study. Other organic material found In this unit are scolecodonts (not 
in any large quantities) and numerous chltinous Insect parts; i.e., heads 
and mandibles. Pelecypod shells are abundant only locally and usually are 
highly fragmented. Presumably this situation was in most cases, due to 
the method of drilling, however, such a condition was also noted in the 
cores. Heavy concentrations of plant organic matter, i.e., large wood 
chunks, stems and fibers, are also locally concentrated through this unit. 
Fossils are most abundant in the finer-grained sediments of the lower part 
of Unit 2. The gravel sub-units are noticeably lacking in fossils, with 
the exception of the heavy shelled foramlnifera and ostracodes. These 
fossils Indicate by their rough and weathered, end often fragmented, 
appearance that they were not indigenous but had been reworked from other 
sediments and redeposited in the gravels. 
Fossils are generally absent from the sediments of the upper part of 
Unit 2. Since it is dominantly a coarse-grained unit, fossil preservation 
is not likely to occur in such sediment. BIA #4 is coarse down to -20' 
and no mlcrofosslls were found. However, some pelecypod shell fragments 
were found at -4' and -6', indicating that perhaps the mlcrofosslls, if 
ever present, were destroyed during deposition. On the other hand. Core 
#10, 6*6" to 7*6", Core #12 9' to 10', and Core #5, 0' to 2' consist of 
black, organic silt and clay and are nonfossillferous lAiereas Core #1, 
7'6" to 9'6" is abundantly fosslllferous with foramlnifera and ostracodes. 
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Apparently localized favorable environments occurred Intermittently during 
deposition of this unit miile ecological conditions unfavorable to 
organisms prevailed in adjacent areas. This "pstchicess" in animal distri­
bution is not unique to the arctic and has been commented on by Hohr (1959) 
as probably a response to localized food concentrations. 
Correlation 
This section concerns the lateral extension of the units and subunits 
discussed in the preceding section under "Recognizable Units". A panel 
diagram (Fig.17) showing the manner in which the sediments are distributed 
has been prepared and should be referred to when reading this section. 
As a result of the 4 deep holes, BIA #1, #5, #12, and #13, the general 
depth to the Pliocene (?) sediments and Cretaceous rocks has been sub­
stantiated. The Pllocene(?) unit appears to thicken slightly landward 
but its dimensions southeast of BIA #12 are not known. 
Unit 1, a nonfQSslllferous unit extending from the Pliocene(7) contact 
to about -30', characterizes a major portion of the sediments. It is 
thinnest to the northwest (46' in BIA #1) and thickens to the southeast 
(61' in BIA #13). Subunit lA appears to be discontinuous, occurring as 
the basal sediment of Unit 1 in BIA #1 and #5 but is absent in BIA #12 
where it is replaced by Subunit IB. Subunit lA occurs again in BIA #13 
where it overlies Subunlt IB. Subunit IB has thickened considerably, 
from 5' in BIA #12 to 10' in BIA #13. 
Subunlt IC remains at about a constant thickness throughout the area 
with the exception of a thinning in BIA #12 where IB initially occurs. 
Subunlt ID exhibits a general thickening to the southeast (2* in 
88 
BIA #1 to 16' in BIA #13), being overlain in BIA #13 by the gravelly 
Subunlt IE. Subunlt IB also occurs in the form of a thick lense (BIA 
#1 and #5) which tapers and thins to the south in BIA #3. These two 
occurrences of Subunlt IE have no continuity and it is not known If they 
are the same unit. However, they are classed together on the basis of 
similar sedimentary parameters. 
These initial estuarine deposits of Unit 1 presumably occurred soon 
after the rise in sea level attendant upon the wasting of the Wisconsin 
continental glacier, xhey are aouIoôâlllfêrGus, fer the =cct part. £nd 
may possibly represent fluvial sands and gravels. Wood from -35' in BIA 
#3 has been dated at 6450 + 400 years BP. The significance of this date 
is discussed in a later section. 
Unit 2 is characterized by th^  occurrence of three distinct subunlts 
of black silts and clays, each separated by a coarser-grained material. 
Each subunlt will not be discussed individually as the correlation among 
the test holes is readily apparent from the diagram. 
The major feature most apparent is the termination or "pinching out" 
of the subunlts 2A and 2C. These are believed to have been estuarine 
sediments deposited in a non-ventilated basin under anaerobic conditions. 
This particular environment will be discussed more thoroughly in the sec­
tion entitled "The Estuarine Environment". 
Subunlt 2A is thickest in BIA #5 and becomes thinner to the east and 
west. Its eastern and western termination is not known but presumably 
it "pinches out" to the south Inasmuch as it was not penetrated in BIA #9 
or #12. This unit may represent a late Pleistocene nonventllated estuary 
located some distance north of the present slough. 
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Subunit 2C is thickest in BIA #12 (7'). It "pinches out" to the 
southeast in BIA #12 and merges with Subv<nit ZD, a fossiliferous gravelly 
sand of indeterminate origin. The subunit contiaues for an unknown 
distance to the northwest and appears to thicken slightly (12', in BIA #1). 
The indications are that this subunit also represents a nonventilated 
basin having dimensions con^ arable to Nerravak Slough, but again, lying 
somewhat to the north. 
The final black silt and clay, subunit 2?, represents the type of 
sediment presently being deposited in Nerravak Slough. It forms a thin 
veneer over the older sediments and does not exceed more than a few feet 
in thickness. 
Subunit 2E represents gravel deposits of two adjacent spits lAlch jut 
out toward each other and presumably were connected in the past. 
In summary, correlation of the various units investigated in this 
thesis indicates the sediments may have represented two stages in the 
development of an estuary which drained into the Arctic Ocean during post­
glacial times. The nonfossillferous, coarser-grained sediments of Unit 1 
may have been dominantly fluvial material brought into the estuary from 
the adjacent tundra and deposited due to a rising base level. The sedi­
ments of Unit 2 are dominated by black silts and clays thought to have 
accumulated in an anaerobic, nonventilated environment. Continuing this 
line of thought with pure speculation, such an environment might occur In 
an estuary after sufficient fluvial material had been deposited to restore 
a semi-equilibrium between the amount of material being brought into the 
basin and the rising base level. The coarser particles would be deposited 
toward the head of the estuary and finer particles would settle out within 
Fig. 17. Panel diagram showing the lateral correlation of sedimentary 
units 
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the deeper part of the basin. Sealing off of the estuary by gravel bar 
develcps^ ent, either by "ice-shove" or longshore currents, would allow 
anaerobic conditions to develop- A similar situation is seen in Nerravak 
Slough at the present time. 
The Age of the Barrow Sediments 
During the drilling of BIA #3 and #4, wood fragments were recovered 
from -35' and -36'6" respectively. This wood has been dated at 6450 + 
400 years BP by C-14 dating techniques, it the date is valid, ùcpùôlùloài 
of Pleistocene Unit 1 and Unit 2 occurred in relatively recent times. Peat 
taken from 44" beneath the bottom of a drained lake basin a few miles from 
Nerravak Slough has been dated by C-14 dating methods at 9,100 + 260 years 
BP (Coulter, Hussey, and 0'Sullivan, 1960). Inasmuch as the peat grew in 
a fully-developed lake, the surface of the Barrow area must have been 
emergent for some time prior to 9,100 years ago in order for the lake to 
have developed. 
C-14 dates have also been presented by Brown (1964). Organic matter 
from -2 '6", -4*6", -9* and -9'6" from ice wedges located beneath a ridge 
24 feet above sea level between Barrow Village and Voth Creek about 1 
mile northeast of Nerravak Slough have been dated at 1775 + 120 years 
(1-699), 9550 + 240 years (1-700), 10525 + 280 years (1-701), and 8200 + 
300 years (1-992) respectively. 
A vertical thickness of about 55' separates the group of dates in 
the Voth area from the 6450 + 400 years BP date in Nerravak Slough. In 
this situation, the younger date is located stratigraphlcally lower than 
the older dates indicating a period of onlap occurred since the emergence 
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of the Barrow surface some 10,000 years ago. 
intether these deposits are the result of a rise in sea level or a 
subsidence of the land is not known. 
The 6450 + 400 year BP date from Nerravak Slough correlates with 
Karlstrom's Tanya 111 glaciation, a small advance superimposed upon a 
major glacial recession trend (Karlstrom, 1961, p. 306, Fig. 4Â). The 
maximum withdrawal of ice during the Naptowne (Wisconsin) glaciation 
occurred at approximately 5500 years BP in the Cook Inlet area of southern 
Alaska, during which the sea stood from 5' to 10' above its present datum 
(Karlstrom, 1961). The fact that the wood sample from Nerravak Slough 
was taken from near the top of Unit 1 may indicate that the deposition of 
the sediments of Unit 1 occurred contemporaneously with the maximum late 
Tanya marine transgression at 5500 years BP. Although scant evidence 
exists at the present time to draw any generalizations, but if a rise in 
sea level of 5' to 10' higher than at present had occurred in the past, 
with no accoiq>anying uplift of the mainland, low-lying areas of the Barrow 
coastline north of Nerravak Slough would have been Inundated, leaving the 
higher portions to form the coastline. Existing fragmentai shorelines at 
Halnwrlght and beach ridges in the Barrow area may reflect this transgres­
sion. 
In the event that the 6450 + 400 year BP date is not valid, no 
certain conclusions may be made about the chronology of Unit 1 and Unit 2. 
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ENVIRONMENTAL INTERPRETATION 
Evaluation and interpretation of past environments using sedimentary 
parameters, organic matter content, and biological remains require an 
understanding of the processes «hlch control the spatial and ten^ oral 
distribution of these parameters in an arctic environment. 
Sedimentary Processes 
The southwest coast of the Barrow Peninsula is backed by cliffs, 20' 
to 30' high, composed of unconsolidated gravels, sands, and silts. These 
cliffs, due to the permafrost conditions, present a very resistant face 
to the onshore winds and waves. The major proeeas of erosion consists of 
the thawing of the surface to a depth of about 18" during the short 
summer months. This thawed material slung)s down and forms talus piles 
at the base of the cliffs. The accumulations are refrozen (reclaimed by 
the permafrost) during the winter following their downslope movement. At 
relatively long Intervals as a result of the infrequent storms, these 
talus accumulations are removed and redistributed in the littoral zone. 
Two distinct sedimentary provinces exist on either side of the Barrow 
Peninsula. The materials attest to two different source areas and are 
distributed solely as determined by current directions. The currents on 
the Chukchi side of the Barrow Peninsula flow generally northeast at 2.3 
knots or greater. On the other side of the peninsula, the Beaufort circu­
lation is to the northwest at a somevriiat lesser speed. The currents meet 
noiu'th of Point Barrow and flow north-northeast. MacGlnltle (1955) 
observed that at times, currents in excess of 15 to 20 knots were measured 
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within a short distance of the coast. The nearshore sediments on the 
northwest Chukchi Sea side of the peninsula are coissGnly biisodal, rather 
poorly-sorted and have a akewaess coefficient (Sj^ ) greater than 1.000 
(greatest concentration of particles in any size class lies near the 
coarse sizes). Changes occur in the sediments parallel with the shoreline 
and from the shore outward. On the northeast Beaufort Sea shore and in 
the Arctic basin which borders it on the north, the sediments generally 
ezhlbit normal sorting. Most of the shelf sanmles are clays and fine silts 
with the exception of the poorly-sorted sands and gravels of the Barrow 
Sea Valley (Carsola, 1954)• 
Ice rafting (incorporation of sediment by drifting ice and subsequent 
release of sediment upon melting) is an inçortant transportational and 
depositional process in this area. Scholl and Sainsbury (1961) estimate 
that 10% of the rock clasts overlying the nearshore shelf of the Ogotoruk 
Creek area were deposited by this mechanism. Carsola (1954) shows that 
if ice carrying sediment coarser than that contributed to the sea floor 
by normal bottom processes melts over the area, the resulting sediment 
will be poorly-sorted and will show two modes, one representing the 
dominant size class in the rafted sediment and the other representing the 
dominent size class in the sediment which would have accumulated by 
natural bottom processes. The coarser-grained sediments are presumed to 
have been contributed by river ice, by slumping and caving of the material 
from cliffs onto the shoreline ice, and by grounded ice. He found that 
bimodal sediments were limited to the zone between the edge of the perman­
ent ice pack and the shoreline Inasmuch as this is the region within lAlch 
most of the sediment laden ice melts. 
96 
Organic Hatter Contents 
The total organic fraction of a sediment should be made up of (1) ma­
rine humus, defined by Vaksman (1936, p. 288) as "organic matter found in 
the sea bottom", and generally fomed from allochthonous plant residues 
brought from a different region by wind and water currents; and (2) ter­
restrial humus - that formed from plants growing in the same iregion where 
the humus was formed, eroded and transported from the tundra into a marine 
onvlronmant. The sediments in this investigation are believed to be 
domlnantly marine and should possess a rather large and varying percentage 
of organic matter, dependent upon the physiographic and climatologie 
conditions which prevailed during the late Pleistocene. Table 1 indicates 
that such values and variability were actually found in this investiga­
tion. 
Some of the factors contributing to the organic matter content have 
been discussed by MacGinitle (1955). He cites instances where great 
quantities of lichens and grasses were found floating in the ocean to 
a distance of 25 miles from shore. He states (p. 9), "It is my opinion 
that such material from the shores of the Arctic Ocean and contributary 
rivers supply detritus throughout the entire Arctic Basin". An interesting 
mechanism for providing terrestrial organic matter to marine sediments has 
been found during the long term investigations of the lemming populations. 
During a lemming "high", the tundra grasses are cut at ground level during 
the winter feeding activities of these rodents and, during the ensuing 
spring runoff, have been seen to form windrows of grass around the tundra 
pools and basins (verbal communication, Rex Pelper, Berkely, Cal., 1962). 
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Thus, a cyclic mechanism is provided whereby at 3 to 4 year intervals, 
large amouuts of terrestrial organic matter arrive in the marine and 
lacustrine environssnts. The significance of this mechanism will be 
discussed later under "The Estuarine Environment". 
The tundra soils near Barrow contain large amounts of finely divided, 
particulate organic matter. This material occurs in varying stages of 
decomposition, either as partially humified material or relatively unde-
conmosed, fibrous matter (Douglas and Tedrow, 1959). Several soil profiles 
from the Barrow area indicate organic matter at depths down to 4* from 
the tundra surface with highest concentrations occurring between 2' and 
3'. These areas ranged up to 13% organic matter (Douglas and Tedrow, 
1960). Shore erosion processes contribute to the organic matter content 
of marine sediments by actively eroding and transporting this finely dis­
seminated material into the ocean. 
Marine organic matter is also being produced in considerable quanti­
ties. The shallow waters in the area are periodically highly productive, 
great plankton swarms have been observed in the waters off the Barrow 
base (Boyd and Boyd, 1963). Upon death the bodies of the organisms are 
incorporated into the sediments as detritus. Inasmuch as marine plankton 
contain from 15% to 48% carbon (Waksman, 1936), the addition to the sedi­
ments is significant. Any plant material, either terrestrial or marine, 
will provide food for marine bacteria and therefore will form detritus. 
Detritus is the major constituent in the diet of benthonic marine organisms 
and it is to be expected that the nexinum concentration of their popu­
lations will be found where the greatest deposits of detritus accumulate. 
Generally, the richest detrital accumulations occur near river entrances 
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and close to shore, diminishing with distance from shore. 
The rate of decomposition of organic setter is of greet importance 
to its stratigraphie distribution. Studies of these rates in arctic soils 
indicate that they are greatly dependent upon the prevailing tengieratures, 
proceeding at a relatively slow rate in the arctic soils as conqiared with 
those of lower latitudes. 
Relatively little Information is available concerning decompoisition 
rates in an arctic marine environment. Boyd and Boyd (1963) have observed 
that bacterial counts were high when the air temperature rose above treez-
ing and freshwater began running off the land into the ocean. Counts 
decreased with increasing salinity of the water, indicating that a large 
number of the bacteria present in the nearshore waters were terrestrial 
and unable to exist in a more saline environment. This means that during 
the 9 to 11 months vdien the sea is ice-covered, bacterial action is at a 
minimum, fluorishlng only during the relatively short period of sunsner 
runoff. Over a number of years, one might expect the accumulation of 
organic matter preserved in such arctic sediments to be greater than in 
a comparable region with warmer teiqperatures. 
Trask and Hammar (1934) have shown that the distribution of organic 
matter on the sea bottom is influenced by bottom configuration, that is, 
it is correlated with texture, increasing as the texture becomes finer. 
The present Investigation Indicates that this relationship also holds 
true in the arctic. Fig. 18 shows that a linear relationship is esqpress-
ed, with organic matter Increasing according to the equation Y » 0.8787 
+ 1.2097X. The median diameters originally expressed in millimeters have 
been transformed into phi units through the transformation of -logg X. 
Fig. 18. Graph showing the regression of organic matter on median diameters 
(Phi units) for all B.IA Cores 
% ORGANIC MATTER _ 
N qi * W m N CD «0 o = K 
H « 
001 
101 
This transformation enables plotting the regression line on an arithmetic 
rather than logarithiaic scale. The correlation coefficientj r, measures 
the linear relationship between the two variables. In this instance; 
r = 0.77, indicating that a reasonably linear relationship does exist 
between organic matter contents and median diameters ox the sediments. 
This relationship appears to hold between phi = 2.0 and phi = 9.0. 
Greater or lesser phi values were not found in this investigation. 
Trask and Hanmar (1934) also found that the organic carbon in marine 
bottom material varied from 0.2% for a sand bottom to 4.2% for a clay 
bottom, averaging 1.8% for 25 nearshore formations. Converting these 
values into total organic matter by multiplying by 1.887 (Waksman's con­
version factor), the values are 0.38% and 8.0% with an average of 3.4%. 
These values are incompatible with those found during this study indicat­
ing that higher organic matter contents are found in the older arctic 
sediments. 
The Bstuarine Environment 
Nerravak Slough exists today in vtiat appears to have been a valley 
formed during a period of maximum sea level lowering associated with the 
culmination of a continental glacier. Presumably, this was the Wisconsin 
glaciation which reached its maximum about 18,000 years ago. During the 
wasting of the Wisconsin ice, sea level again rose and flooded the valley, 
causing estuarine conditions to be established. At successive intervals 
during this rise in sea level, the estuary so formed became isolated, much 
as in the manner of the present Nerravak Slough, and deposition of certain 
characteristic units occurred. 
102 
It Is seen from the preceding section on "Stratigraphy" that the 
most readily recognizable sedimentary units observed in the deposits are 
the black, highly organic silts and clays. They occur in Subunits 2Â, 
2C, and 2F and may be traced laterally throughout the area studied. Sub-
units 2A and 2C thin to the east and are believed to represent deposits 
of nonventilated basins which developed under estuarine conditions during 
post-Pleistocene time. Subunlt 2F includes the black silts and clays 
which form the substratum of the present slough. The slough Is presently 
in a nonventilated condition: due to the gravel bar which effectively 
Isolates it from the ocean (see "Location" for description). 
The estuarine environments are reconstructed on the basis of the 
following: the sediments are black, highly organic (greater than 8.00%), 
fosslliferous clays and silts (Mj ça. 0.0040 mm.). This black unit is 
approximately 10' thick with fossils occurring sporadically throughout. 
The fossils are, for the most part, foraminifera, but some ostracodes 
have been seen. The foraminiferal assumblages consists almost exclusively 
of species of Klphidium and Klphidiella. genera well-known to withstand 
wide fluctuations in both teiqperature.and salinity. The tests, all cal­
careous, are characteristic In that they exhibit large and small pits and, 
in some cases, whole chambers and chamber sides are missing. R^ie sharply 
angular or jagged aspect which would be expected if the fossils had been 
reworked or crushed is lacking. 
In a nonventilated basin under nearly constant bottom temperaturei*1th 
abundant organic matter, conditions of stagnation will most probably be 
rapidly attained. Decooqposltlon of organic matter depletes the oxygen 
content of the water. This oxygen deficit is not replenished during the 
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9 to 11 months when Ice covers the estuary and anaerobic conditions 
then develop. Under these conditions, organic matter âeccûçcsiticn would 
be inhibited, H2S and other sulphides would form, and pK conditions would 
become acid. Conditions would be unfavorable for abundant animal life 
and all but the most tolerant species will disappear. Solution of the 
foreminiferal tests will result from burial in muds having low pH. 
The high organic contents will result from the inhibition of anaerobic 
bacterial decomposition by the cold temperatures and the establishnœnt of 
reducing conditions. The presence of only the more highly tolerant 
organisms indicate less than optimal conditions for most species. The 
evidence from the sediments indicate that these conditions occurred in 
the black, organic, silts and clays. 
Strom (1939) comments that sediments from the bottoms of nonventilated 
basins generally show laminations if some type of cyclic pattern affected 
sedimentation. It is believed that a cyclic mechanism affecting sedimenta­
tion exists with respect to the variation in the lemning populations 
referred to earlier. A photograph of Core #8, 28' to 29', reveals lamina­
tions of black, organic silt and light-gray sandy silt (Fig. 35). This 
core was taken from within the nonventilated estuarine deposits. The 
laminations do not appear in a regular alternation but are grouped in 
regular clusters, the black organic silt predominating. The thickness 
of each individual lamina is variable, however, the black ones average 
0.63' whereas the gray ones average 0.46". Inasmuch as the lemming popu­
lation increases to a maximum every 3 to 4 years, it is thought that the 
thicker black organic silt laminations may reflect the increased amount 
of plant organic matter contributed to the depositional basins during 
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these "highs". Assuming this to be a valid explanation of the laminations> 
a method of calculating the sedimentation rate In this isolated basin is 
available. Four thick black units occur in 4" of core. In 100 years, 
a minimum of 24" or a maximum of 33" of sediment will be deposited, depend­
ing on whether the cycle is dominantly 3 or 4 years. Similar laminations 
occur in Core #1, 30', however, these laminations are not nearly so 
well defined and cannot be used to substantiate Core #8. No other cores 
exhibiting such well defined laminations are available from this depth 
from any other holes. The figures calculated do not seem exorbitant in 
view of the fact that these isolated basins receive sediments from the 
tundra streams and from slumping of their sides. Also, during a trans­
gression, deposition would be the dominant process occurring due to a 
rising base level. 
The thickness of the ice on Nerravak Slough during the winter of 
1962 ranged from 6' to 8'. The presence of the laminations in Core #8, 
28' to 29' indicates that the water in the ancient estuary was at least 
6' deep and probably deeper. A shallower estuary would freeze to the 
bottom and the upper few Inches of sediment would be incorporated into 
the ice. During the spring breakup, the ice mass would rise, removing 
the sediments from the bottom. They would then be redistributed through­
out the basin when the floating ice cake melted. Laminations formed 
during the summer would be destroyed by this mechanism. Burrowing 
organisms are also Inferred to have been absent Inasmuch as the laminations 
have not been disturbed in any way. This substantiates the anaerobic 
environment concluded earlier. 
At the present time, very few water bodies in the Barrow area show 
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evidence of sulphide bottom muds, oxygen depletion, and anaerobic condi­
tions . Nerrsvak Slough is decidedly in this condition, however, the 
cxygân depletion observed say partly have arisen from the oxidation of 
wastes contributed from the adjacent villages during the spring runoff. 
Nuwuk Lake, located at the extreme end of Point Barrow, is the only 
other water body known to this writer to have such conditions. Mohr, 
et al., (1961) found several feet of black sediment in the deepest 
part of Nuwuk Lake, associated with generally anaerobic conditions. 
Investigations of Elson Lagoon (among other water bodies) by Holmqulst 
(1963) and Bursa (1963) indicate little evidence of anaerobic conditions, 
although Holmqulst did find black muds close to shore. It is not surpris­
ing, however, inasmuch as Elson Lagoon has not approached the nonventllated 
condition required for such conditions to be established. Holmqulst did 
recognize these conditions in Sinclair Lake (locally Lake Mlnga), located 
east of Seass Inlet. The lake is 7.5 miles long, 2.8 miles wide and at 
no time exceeds 7' in depth. There appears to be some form of limited 
access to the ocean vAiich would give it the same characteristics as found 
in Nerravak Slough. 
Climatic Record from the Sediments 
Assuming the sediments discussed in this thesis were deposited 
during the close of the Naptowne (Wisconsin) glaciation, they would have 
been deposited during a period of general world-wide warming. Controversey 
exists as to whether this warming trend began abruptly about 9,000 years 
BC (Broecker, Bwing and Heezen, 1960), or whether it was only a fluctuation 
within a larger warming trend which began about 20,000 years BC and 
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culminated about 3*500 years BC (Karlstrom, 1961). The time of Its begin­
ning is of little inqportance to the évidence discussed here. %8 indica­
tions are that these sediments were deposited near the culmination of 
the warming trend and, as such, should reflect whatever climate was 
present. Consequently, every atteiqpt was made to interpret climatic 
conditions from the sediments during their investigation. 
Upon reviewing the data, the following climatic inferences are ^ 
presented: 
1. Deposition of the black, fine-grained estuarine sediments may have 
proceeded under continuous ice-cover. This ice-cover would result 
in very low energies within the deposltional environment as the 
result of wind and water current Inhibition. Oxygen depletion would 
occur under such conditions, creating anaerobic conditions. The 
lack of modern anaerobic deposltional environments in the Barrow 
area may indicate that the present climate is less severe then in 
the past. 
2. The sediment of many cores exhibit good- to excellent-sorting. Clay 
and silt laminae are also noted from a number of cores. Neither the 
sorting nor the laminae would be expected to occur under conditions 
of wind and current mixing. This suggests deposition occurred under 
avnearly continuous Ice-cover. 
3. A bimodal particle size distribution curve is thought to be character­
istic of "ice-rafted" sediments (Carsola, 1954). This mechanism 
of sediment placement has been discussed earlier under "Sedimentary 
Processes". Very few particle size distribution curves of the sedi­
ment saaqples and cores analyzed in this thesis are bimodal. Conse­
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quently, it is possible that the ice-cover was continuous and allowed 
no ice movement. Alternative explanations for this fact may be that 
(1); the ocean was completely ice-free and, (2) the estuarlne 
environment is not generally affected by "ice-rafting" Inasmuch as 
it takes place offshore in water depths no shallower than about 
20'. The fact remains that the majority of sediment cores show 
little evidence of "ice-rafted" pebbles. 
4. Most of the sediments exhibit higher organic matter contents than 
usually found in nearshore sediments. This may be attributed to 
a limited decosçosltion of organic matter due to inhibited bacterial 
action resulting from longer winters and correspondingly shorter 
summers. Sang)les of sediment taken from modem Bison Lagoon averaged 
4.00% organic matter (range from 1.70% to 8.05%). Tables 1 and 2 
(Appendix) indicate in most cases that organic matter contents 
determined from both cores and cutting sasçles exceed this average 
by at least 1.5% to 2.0% and usually more. 
5. A distinct lack of consistently large populations of foraminifera 
and a corresponding lack of different species was noted from 
analysis of core samples. Loeblich and Tappan (1953) indicate at 
least 75 species exist in the nearshore waters off the Barrow coast 
at the present time. Earlier investigations from the Gubik formation 
revealed a maximum of only 34 foraminiferal species (Faas, 1963). 
Althou^  no quantitative microfossil analysis was performed on the 
sediments of this study, examination of the assemblages indicates 
that the number of species does not appear to exceed that of the 
earlier study. This lack of fossils may be partially attributed to 
108 
a lack of photosynthesis and low productivity resulting from a 
continuously maintained ice-covering. Green (1960) has commented 
on the productivity limitation in the Arctic Ocean which is believed 
due to the thickness of the permanent Ice pack (10' to 12'). The 
lack of fossils in the sediments may also be explained, in part, by 
localized environmental factors. Conditions within the estuary 
most probably were detrimental to the development of an abundant 
fauna, particularly under an arctic climate. 
Summarizing the above points, the evidence suggests that the ocean 
in the Barrow area was ice-free only for short intervals during the 
deposition of the sediments. These periods of open water, if existing, 
must have been confined to the nearshore area, effectively limiting the 
fetch across which the winds could blow. Intermittent periods of Increased 
productivity may have resulted from these short open water intervals, 
allowing the existing species to increase their numbers. However, these 
periods were too short to encourage migration into the area of a diversity 
of species. Conditions during the past 6,000 years were probably similar 
to the present, however, with longer winters, shorter and cooler summers, 
and relatively shorter periods of open water. 
Livingstone (1955) has approached the problem of determining climatic 
fluctuations by studying the pollen record. He analyzed a series of cores 
from the central part of the Brooks range and from the Barrow area and 
concluded that relatively little climatic change, as Indicated by pollen 
fluctuations, had occurred within the past 8,000 to 14,000 years. The 
climate during that Interval differed little from that existing in the 
area today. However, the problem is conq>licated by the lack of precise 
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Information concerning the present day plant distributions in the arctic. 
Livingstone (1935, p. 399) says; "neither the distribution of the tundra 
communities nor the weather ox northern Alaska is knoim well enough for 
the accurate equation of the two". 
Colinvaux (1964) shows that the pollen record from sediments at 
Barrow indicates that the tundra conditions on the coastal plain extended 
back as far as 14,000 years with little change. He states that the trend 
ever the tAole period has been one of warming, however, the "vegetation 
and climate of the Arctic coast have been rather stable over the last 
four thousand years" (page 4). 
It is significant to note that Ericson, et al., (1964) Indicate that 
the 7.2°C isotherm never extended into the Noirwegian Sea during the past 
70,000 years. From study of the abundance variations in the planktonic 
foraminifers, Globogerina pachvderma. they concluded that the observed 
variations were the result of fluctuations in the thickness of the sea ice 
as controlled by climates. Cores taken from the Bering area were barren 
of G. pachvderma which was interpreted to indicate ice of sufficient 
thickness to halt photosynthesis cong)letely. %e lack of "ice-rafted" 
pebbles in these Bering cores was believed to indicate an absence of 
"ice-rafting" as a result of a completely frozen ocean with no ice move­
ment. Consequently, the conclusions of Ericson, et al., are wholly in 
accord with those of this writer. 
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SUMMARY 
This study has resulted In the detailed description of the sediments 
underlying Nerravak Slough adjacent to the village of Barrow, Alaska. A 
number of identifiable lithologie units have been recognized and subsurface 
correlation of these units within the area studied has been accong»lished. 
The sediments indicate that estuarlne conditions, comparable in many 
respects to the present Nerravak Slough, existed In the area for at least 
the past A6S0 years. The estuary was located in the mouAh of a stream 
valley which developed during a period of sea level lowering, presumably 
during the Wisconsin glaciation at least 18,000 years ago. Conditions 
within the estuary varied from anaerobic to aerobic, presumably lu re­
sponse to minor sea level fluctuations Wilch alternately opened and closed 
the estuary to the sea. 
A core (BIA #8, 28' to 29') from these sedinbnts reveals the presence 
of undisturbed laminations which exhibit a cyclic pattern. It is suggested 
that these laminations may represent the addition of plant organic matter 
to the sediments occurring during a period of high lemming populations. 
Inasmuch as the lemming population Increased in a 3 to 4 year cycle, it 
may be possible to determine a rate of sedimentation within the basin 
investigated. 
Climatic Interpretations based on lithologie and fossil characteris­
tics indicate that the sediments were deposited in an arctic environment, 
comparable in many respects to that presently existing in the area, but 
having shorter periods of open water and longer periods of total ice cover. 
Winters may have been longer, but not necessarily colder, and summers may 
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have been of shorter duration, and probably cooler. ' 
A homogeneous, fine-grained, sandy silt, containing an abundant 
fauna of foraialnifera and cstracodes^ ccurs beneath the initial estusrine 
deposits of Unit 1. The top of this sedimentary unit has previously been 
considered to be the 'HSubik-Cretaceous" contact. Examination of the micro-
fossils from this unit indicate them to be similar to the Pleistocene 
microfosslls, although richer in number of individuals and species. 
In view of lithologie and paléontologie dissimilarity with sediments 
definitely known to be Pleistocene, this unit is considered to be of late 
Pliocene(7) age. The top of the Cretaceous rocks is at least 20' lower 
in the Barrow area than previously recognized. 
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SUGGESTIONS FOR FUTURE STUDY 
Throughout the course of this Investigation the lack of pertinent 
data concerning modern lagoonal and estuarine sedimentation and ecological 
factors of the arctic nearshore and estuarine environicents was a constant 
source of frustration. An abundant bibliography exists concerning these 
environments in lower latitudes, however, due to the peculiarities of the 
arctic, extension of low latitude data to high latitudes is neither con-
yinçine nor feasible. 
In working with the older sediments particularly, difficulty was 
experienced in limiting speculation to a minimum and maintaining a proper 
objectivity due to the lack of conqparable studies from similar areas to 
lAilch allusions would normally be made. Accordingly then, two categories 
are suggested for future study: 
A. Modern Sediments 
1. Long term investigation of nearshore, lagoonal, and estuarine 
sedimentation processes. These must be primarily data 
gathering projects. Measurement of climatic factors, 
tenq>erature, salinity, depth, currents, and particularly, 
sediment distribution must be taken and presented for other 
workers to use. These data can be used with computer pro­
grams designed specifically to show any significant trends, 
patterns, and correlations which may exist. 
2. Long term ecological studies, concerned not with delineating 
distributions of organisms nor the discovery of new species, 
but rather with obseirving why they exhibit any particular 
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distribution and how they respond to changes in conditions. 
These studies should preferably be conducted simultaneously 
with the physical studies mentioned above= Data gathered 
should be immediately made available for use by other in­
vestigators. An integrated research program ox this nature 
would contribute much toward solving the problems of the 
arctic. 
B. Older Sediments 
1. Heavy mineral investigations - due to the convergence or 
two major current patterns, it might be suspected that at 
least two separate provenance areas contribute characteris­
tic minerals to the Barrow sediments. Intermittent mixing 
and separation of these mineral suites with depth should 
reveal periods of submergence and emergence and complement 
the present stratigraphie study. 
2. Palynological analysis of the sediments - significant work 
in this field has been accomplished and has been mentioned 
earlier. However, to date such work has been confined to the 
upper 12' or so of the tundra surface and any conclusions 
must, of necessity, be confined to about 14,000 years BP. 
Peats and highly organic sediments appear locally within the 
sediments discussed in this thesis. It is essential for a 
proper interpretation of Pleistocene climatic conditions 
that these sediments be investigated for their pollen content. 
3. Paleontological analysis of the sediments - it has been com­
mented that no purpose would have been served to attempt a 
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rigorous quantitative analysis of the microfossils from these 
sediments for two reasons: (1) the manner of san^ tXing in-
validated such an approach due to mixing of a 2*6" section 
in each sample, and (2) the foramlnlfera found are character­
istically cosmopolitan species and would Indicate very little 
environmental information other than that generally known 
from a study of the sediments themselves. However, it is 
believed that the study of composite assemblages would prove 
fruitful in determining the characteristics of any single 
depositlonal environment. Features such as discoloration of 
test, abundance of juvenile forms, predominance of any 
particular species, degree of fragmentation of tests or 
shells, etc., are more Inqportant for characterizing an 
environment than a rigorous species count from various sam­
ples. The photographs of the foramlnlferal assemblages are 
an Initial attempt at this form of analysis. Further investi­
gation of this method of analysis should be accomplished to 
substantiate or refute its validity. 
4. Continued deep drilling in the Barrow peninsula - this must 
be done to extend a subsurface correlation net across the 
peninsula and to make possible time-wise correlation with the 
better known stratigraphy of glaciated areas in Alaska. 
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APPENDIX 
Fig. 19. BIA Core #4, 18'6" to 19'6" 
1. Black, organic, silty sand and clay 
2. Pebble band containing rounded to subrounded black 
chert and clear quartz (largest 1/2" in dia.), and 
some pelecypod fragments 
3. Black clay lense, differing texturally from other 
similar units 
Comoments: This core exhibits some strange structures as 
indicated. Each individual laminae is a grayish-black, 
sandy silt, somewhat coarser than the surrounding material. 
They are interpreted as possibly being the result of sub­
aqueous slumping. A large wood fragment was taken from near 
the base of this core, within the lowest pebble band 
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Fig. 20. BiÂ Core #4, 4i'ô" to 42'6" 
1. Brownish-gray, medium-grained sand. Clastic grains 
are subangular to subrounded, dominately clear quartz 
and yellow chert with black minerals (chert and coal). 
Minor color stratifications due to changes in relative 
percentages of silt and sand occur within the top 9". 
A faw thin (1/4") gray silt lenses occur in this 
section 
2. Black, highly organic silt, containing abundant stems 
and plant fragments 
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Fig. 21. BIA Cors #9, 10' te 11' 
1. Bluish-gray (black When wet), silty clay. A few rounded 
chert pebbles occur in upper few inches. Non-calcareous 
2. Dark brown,, fine- to medium-grained, organic, silty 
sand. Calcareous. This sand appears to possess some 
type of vertical banding or mottling. No distinct 
horizontal structures are observable 
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PARTICLE DIAMETER (mm.) 
Fig. 22. BxÀ Core #9, 29' to 30' 
Comments : Yellowish-brown, medium to coarse-grained* silty 
aand. Grains are angular to subrounded, clear quartz and 
yellow chert. Ihe texture is uniform for about 7", then a 
few thin (l/l6") black silty lenses occur. The lower 3" 
appear sandier with several lenses (l/4" to 1/2") of clean, 
yellowish-brown sand. Curve B of the laschanlcal analysis 
graph shows graphically this increase in sand 
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Fig. 23. BIA Core #12, 18'6" to 19'6" 
1. Black, mottled with gray, lagoonal sediments with 
silty binder and fairly coarse quartz and black chert 
pebbles. Many pebbles (1/2" to 3/4" in long dimension) 
occur throughout 
2. Heavy organic (peaty) lense. Local concentrations 
appear orange in color 
Comments : This core was non-calcareous. There was a 
definite emission of H2S upon reaction with dilute HCl 
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rig. 24• BXÂ Cûtc yl2, 51' to 52' 
1. Dark brown, slightly sandy.silt. This section (0" to 
6") is quite cohesive and contains numerous stringers 
of medium-grained, Iron stained sand (l/l6 to 1/8" 
thick). A sharp contact exists between the silt 
and the sand lenses 
2. The lower section (6" to 12") is a very friable, clean 
sand coiqposed of 6lear, rounded quarts with lesser 
amounts of black and yellow chert 
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Fig. 25. BIA Core #12, 57'6" to 58'6" 
1. Dark gray to black, silty sand - uniform texture. Very 
silty at top, becoming isors granular approaching shelly 
zone (shelly zone occurs at first break in core. Fos­
sils are pelecypod fragments). Continues to be quite 
coarse, with perhaps one silt laminae, down to 2 
2. Reddish-yellow sand lense. 
This core is highly calcareous throughout. The middle 
4" is generally quite coarse, with occasional pockets 
of fine sand consisting of clear, rounded to subangular 
quartz grains. The lower 4" is very silty, maintaining 
its homogeneity in color and texture to base of core 
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Fig. 26. BIA Core #12, 78' to 79' 
1. Dark gray, fine-grained, silty sand. Contains a few 
small shell fragments in the upper 8" 
2. Light brown, sandy silt 
3. Non-calcareous lease of clay-sized particles 
Lower portion of core shows distortion of bluish-gray 
clay bands with segregations of brownish, clean sand. 
Acid sinks rapidly into sand segregations with no 
apparent effervescence 
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Fig. 27. BIA Core #12, 102' to 102'9" 
1. Grayish-blue sandy silt. Contains pockets of yellow 
brown aggregates (angular to subrounded quartz and 
chert). Some black chert pebbles are as great as 
2" in diameter. Pelecypod fragments are abundant. 
(This may represent drill cuttings penetrated first 
by the coring device) 
2. Bluish-gray clayey silt. Homogeneous in texture. 
Appears clotty with clots being lighter colored and 
linearly arranged. The clots are calcarous whereas 
the matrix, although calcareoas, is much less so 
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Fig. 28. BIA Core #1, 7'6" to 9'6" 
Cotssents: The upper 7 inches of this core is described as 
black, slightly mottled with gray, sllty clay. 
Gray mottles «re pockets o£ clear, pùôcly-sorted, 
angular to subangular, quartz grains. A few 
small (4/5") pebbles of yellowchert are noted, 
along with some pieces of plant material. Most 
interesting is the occurrence throughout the 
remainder of the core of laminations of gray 
and black alternating silt and clay and brown 
sand. The pattern of laminatiens seems to be : 
black overlying gray %Alch in turn overlies the 
brown sand. This is a repetitive pattern in 
this core. The laminations average 1/2" in 
thickness at apex of bend. This distortion is 
most probably due to pushing the core barrel 
through the partially frozen sediment 
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Fig. 29. BIA Core #1, ca. 30' 
Comments: Ihls core is 1 1/2' In length and exhibits a 
peculiar laminar structure. Three mechanical 
analyses from the core indicate it to be composed 
doffiinantly^ of silt and clay-sized particles, 
increasing in sand-sised particles toward the 
bottom. The upper portion (0" to 5") is typical 
black silt and clay recognised as estuarlne in 
character. Sie middle section (6" to 14") 
illustrates the laminations. These are the 
result of definite textural variations, the 
lighter colored band being silt-sized, and the 
darker band being of clay-sized particles 
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Fig. 30. B!A CûcB y3> 40' to 41' 
1. Light brownish-yellow, fine to medium, subangular to 
subrounded quartz sand. A few small blebs of gray silt 
and a few dark brown layers at intervals. Very uniform 
in sorting gr^ ln size, and texture 
2. Black silt containing black and yellow chert pebbles 
(1/2" in dia). Subrounded to well rounded. Sharp 
contact between sand above and black silt below 
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Pig. 31. BIA Core #4, 27'6" to 28'6" 
1. Black, fetid, homogeneous, non-calcareous sllty sand, 
appears pôôrly soctcu, with clear quarts, ysllcv chert 
and mica flakes throughout. Some large plant remains 
scattered throughout 
2. Definite textural change from 1. Mich more clay-sized 
particles with lesser amount of quartz grains. This 
appears as a clot in the core but extends down into the 
core (not a surface feature). Non-calcareous, with 
large wood fragssests 
3. Sandy lenses of clear and frosted, poorly-sorted quarts 
grains. Color is yellowish-brown as contrasted with the 
black of 1 and 2. liSaxiy black chert grains; yellow chert 
and clear quartz are dominant. Sharp upper and lower 
contacts 
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Fig. 32. BIA Core 6i' to 62=6" 
1. Light brownish-gray, medium-grained sand with large 
number of black chert pebbles (may be sludge directly 
above core). 
2. Dark brown, mixed sand and silt. Much finely disseminated 
organic sstter. Many large (1/2" to 5/8") black chert 
pebbles, all rounded and sub-rounded 
3. Very dark brown, silty sand with abundant plant fragments. 
This section is very peat-like in appearance and conqtosi-
tion. Pebbles are abundant, but smaller than those in 
2. Sand zone occurs around soma of the pebbles in the 
peat. 
4- Mbttied, light brownish-gray, sandy silt. Appears 
little different from 3 with the exception of the 
mottles. Broken section of core indicates large 
plant fragments throughout 
Comments : This core was not analyzed for particle size 
distribution. It was kept intact for possible 
pollen analysis and mineralogical study 
148 
% 
I 
U/ 
iA #-S 
•4« s" 
Fig. 33. BIA Gore #6, 15' to 16' 
1. Black, fetid, very fine-grained silt. Upper 5" contains 
several large (1" long) black chert pebbles. Lower 
lense and bottom 8" is without pebbles 
2. Essentially the same characteristics as 1. Increasing 
amounts of coarse sand. Pebbles of all kinds, very 
irregular sizes and shapes. Abundant fragments of 
undecomposed plant material. Some localized irides­
cent coloration 
3. Sand lense, containing heterogeneous mixture of coarse, 
clean sand 
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Fig. 34. BIA Core #8, 13'6" to 14'6" 
1. Black, homogeneous, fine silt and clay - blocky fracture. 
Abundant plant remains - a few yellow chert pebbles 
(1" - 1 1/2") scattered throughout 
2. Brown silt (appears to be oxidized zone along cracks) 
3. Yellow-brown sand pocket surrounding large pebble 
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, Fig. 35. Blà Core #8, 28' to 29' 
Comments: The major changes which occur throughout this 
core are involved only with organic contents. 
The two lithologies are each fine-grained, silty 
sands, differing only in coloration, from light 
gray to black. Organic matter analyses indicate 
high percentages in each unit, but the black 
silty sand is higher by 3% to 5%. It is inpos-
sible to show on the line drawing all the lamina­
tions which occur within each darker unit. 
However, examination of the accompanying photo­
graph indicates that as many as 9 individual 
laminations of light gray material can occur 
within a darker group. The dark clusters appear 
almost rhythmic in this core. 
Measurements indicate that the dark groups 
average 3/5" in thickness frtiereas the light 
gray groups average 1/2" in thickness 
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Fig. 36. BIA Core #9, 20' to 21' 
1. Black, fine-grained silt, with variegated pebbles 
(as great as 3/4" dia.). Pebbles are dominantly round­
ed tc subrcunded black chert and elaa* quartz. Many 
large pelecypod shell fragments, oriented concave side 
down, were found in this unit. Very cohesive with 
blocky fracture. Fetid odor and effervesces with HCl. 
Some large (1/2 to 3/4") wood fragments were noted. 
2. Dark gray, fine-grained silty sand. Numerous black 
chert pebbles and shell fragments 
3. Gray, fine to medium-grained, fossiliferous (ostra-
codes) sand. Uniform testure - well-sorted. Pre­
dominantly clear rounded to subrounded quartz and 
yellow chert 
4. Same material as in 3 but color is yellow-brown. This 
is not a surficial stain, but extends back into the 
core. Non-calcareous 
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Fig. 37. BIA Core #9, 39' to 40' 
1. Yellow-brown, fine-grained, clean sand, composed 
domlnantly of rounded to subrounded, well-sorted, clear 
quartz grains. A greater percentage of black minerals 
(coal and black chert) than quartz and yellow chert. 
A reddish-orange oxide band occurs near the top of 
the core. 
2. Very sandy section - no cohesion - sciss less of core 
3. Large bluish-gray silt segregations, surrounded by 
yellowish-brown silty sand 
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Fig. 38. BIA Core #10, 6*6" to 7'6" 
1. Black, âîlty clay - fetid cdor = nc pebbles. Vsry 
uniform in color and gesture. Very cohesive 
2. Mottled black silt and clay (brown mottles). Texture 
is coarser than 1. with some appearances of light 
brown silty laminations. Blocky fracture 
3. Much the same in general appearance as 2, however, 
laminations of brown silt are well defined 
4. Some cross-grained structures occurring in this portion 
of the core. These are composed of light brown silt 
3. light brown sand at base of core 
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Fig. 39. BIA Core #10, 32' to 33' 
1. Majority of core is yellowish-brown, well-sorted, fine 
quartz sand. Very homogeneous and uniform in texture, 
size and color. Addition of finely divided organic 
matter to otherwise homogeneous material causes color 
banding in lower part of this section 
2. Â dark brown clay, interlenses with the sand at the base 
of this core 
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BïA Gers #12, 9' to 10' 
Comments : Very fine-grained silt or clay-sized particles. 
Consistency of peanut butter. Upon removal from 
«rapping, it was noted that the core had sulfur 
nodules at base. Appears faintly laminated. 
Absence of any coarse particles. Very fetid 
odor with HCl. Some grass-like organic frag­
ments noted 
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Fig. 41. BIA Core #12, 68'6" to 69'6" 
1. Bluish-gray, very fine-grained, silty sand - well-sorted, 
subangular to subrounded quartz and black chert grains. 
Very uniform in texture. Abundant foraminifera and a 
few pelecypod shell fragments 
2. Dark gray lense of clay-sised material. Sharp upper and 
lower contacts. 
3. Yellow-brown, fine-grained sand lense (pelecypod shells 
oriented concave side up). Sharp upper and lower 
contacts 
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rig" 42. SXA Cwtê wM.2f Sé'é" to 87'6" 
1. Dark gray, sandy silt - very fosslllferous zone with 
abundant large pelecypod fragments. Small vertebrate 
bone found in.this top 3 inches 
2. Brown» poorly-sorted, sand aggregation, surrounded by 
dark gray, sllty clay lense (textural change from 1). 
This surrounding material occurs in the same position 
wherever the sand aggregation occurs 
3. Brown, sand lense occurs at base of core 
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Fig. 43. Photograph of faunal assemblage found in core B1À #1» 
ça. 30' 
Comments : Foraminifera exhibit a diversity of sizes and are 
dominantly species of Blphidium, Most tests 
are discolored, usually reddish-brown. Solution 
of the calcareous tests seems Co be indicated 
aa practically all shcv pcrfcrstisns p-rtiell; 
dissolved chambers (25%) 
Fig. 44. Photograph of faunal assemblage found in core BIÂ #8, 29' 
to 20' 
Comments: This is an abundant fauna consisting of a large 
number of individuals but few genera. Various 
species of Blphidlum dominate the assemblage. 
Most individuals are stained a reddish-brown 
color. Solution features can be distinguished 
on many of the tests (25X) 
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Fig. 45. Photograph of faunal assemblage found In core JSXÀ #9, 
20' to 21' 
Comments: Foramlnifera are characteristically small, well-
formed, and generally white (fresh appearing). 
Dominated by Klphidium sp., with a few Kponides 
sp. Some broken ostracode valves are also shown 
(25X) 
Fig. 46. Photograph of faunal assemblage found in core BIA #9, 
29' to 30' 
Goranents: This is a very sparse fauna, consisting only 
of large reddish-brown, and white Blphididae, 
and one large Pvrgo(?). Lack of smaller sizes 
and scarcity of individuals may indicate that 
this fauna is not endemic but may have been 
reworked from older sediments (25X) 
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Fig. 47. Photograph of fatmal assemblage found in core BIA #12, 
68'6" to ô9'ô" 
Comments: This is an abundant fauna, dominated almost 
exclusively by species of glphidlum. A Cassidulina 
sp.. and Kponides sp•. can also be seen. Some 
tests are fragmented, but no solution features 
are apparent. Host tests appear translucent 
or smoky transparent with only a few white 
opaque tests. The overall aspect is one o£ « 
fresh, unaltered assei^ lage (25%) 
Fig. 48. Photograph of faunal assemblage found in core BIA #12, 
78' to 79' 
Comments: Abundant fauna consisting of reddish-brown stained 
foraminifera. Individuals appear fresh and 
unaltered in spite of staining. Elphldium, sp.. 
Kponides sp., Polvmorphine sp., and Cassidulina 
sp.. indicate a relatively diverse fauna. 
Sponge spicules are also present (25Z) 
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Fig. 49c Photographs of faun^ l asaeeblage found in a conmosite 
cutting sangle from BIA. test hole #1, 90' 
Commenta : Presented specifically to illustrate the richness 
and diversity of species and individuals seen 
in many composite sangles. Enrichment of the 
fauna of the saaqtle could occur from higher strati-
graphic units before casing was set. The sas^ le 
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Fig. 50. Photograph of faunal assemblage found in core BIA #12, 
102' to 102'9" 
Comments : Aspect of assemblage indicates it to be different 
from all preceeding. This is a Cretaceous 
microfossil assemblage as indicated by the 
arenaceous Trochamainids. the calcareous Vemeullna 
sp.. Monton sp.. and the completely pyritized 
gastropod at upper left (25X) 
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Table 1. Core data 
Ql Q3 Hd ®o ®k Gravel 
Core #1, 
76.96 A 0.002 0.013 0.0042 2.656 1.2950 — 
Core #1, 
76.96 B — - 0.016 0,0040 — — — — --
Core #1, 
76.96 c — — 0.018 0.0044 - — --
Core #1 
~ 30 A — — 0.009 0.0032 -  - - - --
Core #1 
~ 30 B — — 0.008 0.0027 — - --
Core *1 
~ 30 C 0.001 0.042 0.0080 6.017 0.7610 - -
Core #3, 
25-26A 0.148 3.675 0.5300 21 .5 
Core #3, 
25-26 B 0.145 3.402 0.5520 17 .5 
Core #3, 
40-41 A 0.049 0.108 0.094 1.484 0.5980 -• 
Core #3, 
40-41 B 0.001 - - 0.023 - - 36 .0 
Core #4, 
186.196 A — — 0.036 0.0045 - - - - 4 .0 
Core #4, 
180.196 B — — 0.018 0.0032 -  - -  - 2 .0 
Core #4, 
276-28® A 0.006 0.118 0.080 4.590 1.4980 -• 
Core *4, 
276-28* B 0.003 0.058 0.021 4.070 0.4600 
Sandl Silt Clny OM MC% pH Fosiills 
9.0 36.5 54.5 7.25 35 .74 7.15 Yes 
12.0 34.0 54.0 8.65 37 .68 7.15 
12.0 34.5 53.5 9.05 102 .53 7 32 
3.0 37.5 59.5 10.05 58 .52 7.49 Yes 
7.0 30.0 63.0 9.25 8 .72 7.50 Yes 
21.0 34.5 43.5 8.50 7.30 Yes 
58.0 8.0 12.5 3.15 - •  7.68 No 
63.3 7.0 12.0 - - - 7.68 No 
74.0 14.0 12.0 1.75 - 8.40 No 
8.5 19.5 36.0 7.58 Yes 
18.0 26.5 51.5 9.95 -- 6.91 Yes 
13.0 27.0 5f .0 9.25 -- 7.10 Yes 
58.0 17.5 24.5 5.95 -- 7.27 Yes 
27.5 44.5 2fl.0 8.30 . . 6.84 No 
Table 1. (Continued) 
Ql Q3  ^ SQ Sjç Gravel 
Core #4, 
410-42* A 0.062 0.145 0.113 1.526 0.7040 - -
Gore #5, 
0-2 A 0.007 0.017 0.0083 1.603 0.1620 -  —  
Core #5> 
0-2 B 0.002 0.013 0.0042 2.817 0.1332 -
Core #S, 
0-2 C 0.001 0.011 0.0034 2.908 0.1237 "  -
Core #5, 
11-12* A 0.180 1.600 0.620 2.979 0.7490 18.5 
Core #5> 
11-126 B 0.126 0.720 0.190 2.370 0.2552 6.5 
Core #S, 
21-23 A 0.0043 - -
Core #6, 
15-16 A — — 0.034 0.0047 — -  - 3.0 
Core #6, 
15-16 B 0.002 0.290 0.016 9.305 1.699 3.0 
Core #6, 
338-34 A 0.028 0.091 0.052 1.802 0.9420 
Core #6, 
42-43 A 0.064 0.113 0.098 1.328 0.7530 — 
Core #7, 
30-31 A 0.013 0.120 0.064 3.082 0.3690 4.5 
Core #8, 
136.146 A — — 0.037 0.0078 - - - - 1.5 
Sand Silt Cliiy OM MC% pH Fostills 
71.0 19.0 10 .0 2.25 8.00 No 
12.0 68.0 20.0 9.35 26.62 6.79 No 
11.0 34.0 55.0 8.80 -- 6.20 
3.5 37.0 59.5 8.80 - - 7.84 
65.5 8.0 8.0 2.30 10.16 7.48 No 
76.0 10.0 7.5 2.60 9.41 7.50 No 
17.0 32.0 61.0 7.55 24.8 - - Yes 
17.0 29.0 51.0 8.65 6.80 No 
37.0 22.5 37.5 6.00 7.36 Yes 
36.0 44.5 19.5 2.35 8.00 No 
70.0 20.0 10.0 1.30 8.41 No 
41.0 34.5 20.0 3.30 8.22 Yes 
17.5 37.0 44.0 7.25 26.19 No 
Table 1. (Continued) 
Core #8, 
136-146 B 
Core #8, 
28-29 A 
Core #8, 
28-29 B 
Core #8, 
28-29 C 
Core #9, 
10-11 A 
Core #9, 
10-11 B 
Core #9, 
20-21 A 
Core #9, 
20-21 B 
Core #9, 
29-30 A 
Core #9, 
29-30 B 
Core #9, 
39-40 A 
Core #9, 
39-40 B 
Core #10, 
6^ -76 A 
Core #10, 
66.76 B 
Core #10, 
Ql Q3 1% SQ Sfc Gravel 
0.001 
0.019 
0.015 
0.028 
0.029 
0.002 
0.083 
0.005 
0.059 
0.080 
0.034 
0.001 
0.003 
0.056 
0.080 
0.052 
0.058 
0.030 
0.064 
0.210 
0.132 
0.094 
0.114 
0.120 
0.105 
0.038 
0.068 
0.0175 
0.043 
0.039 
0.040 
0.0044 
0.047 
0.0174 
0.115 
0.061 
0.089 
0.106 
0.074 
0.0092 
0.0345 
7.483 
2.051 
1.881 
1.439 
1.485 
10.800 
1.260 
4.170 
1.389 
1.224 
1.757 
5.877 
4.760 
0.1830 
0.8220 
0.5025 
1.0150 
0.8400 
0.1250 
0.8280 
1.3640 
0.849 
0.854 
0.651 
0.494 
0.171 
0.5 
10.5 
Sand Silt Cliiy CM pH Fosiills 
16.5 45 .5 37.5 6 .50 
42.0 
CM 
.0 16.0 9 .05 
25.0 58 .0 20.0 13 .00 
30.5 57 .5 12.0 8 .65 
No 
8.20 Yes 
8.00 Yiss 
8.00 Yes 
18.5 29.5 52.0 9.45 6.46 No 
40.0 48.0 12.0 5.90 7.88 Yes 
26.5 28.0 35.0 10.00 7.35 Yes 
86.0 8.5 5.5 4.45 8.56 Yes 
53.0 28.5 24.5 2.50 9.70 8.74 No 
79.0 18.5 2.5 2.50 8.56 (?) 
76.5 17.5 6 .0 0.85 9.30 No 
50.D 37.5 12 .5 1.75 9.02 Mo 
16.5 /»0.5 43 .0 7.65 7.00 No 
37.0 35.0 26 .0 5.90 22.90 7.34. No 
Table 1. (Continued) 
Core # 10, 
246-256 A 
Core #10, 
246-256 B 
Core #10, 
32-33 A 
Core #10, 
32-33 B 
Core #12, 
9-10 A 
Core #12, 
9-10 B 
Core #12, 
186-196 A 
Core #12, 
186-196 B 
Core #12, 
29-30 A 
Core #12, 
51-52 A 
Core #12, 
51-52 B 
Core #12, 
576-586 A 
Core #12, 
576-536 B 
Core #12, 
686-696 A 
Core #12, 
686-696 B 
Ql Q3 Md SQ Sk Gravel 
0.008 0.098 0.052 3.544 0.283 
0.005 0.090 0.038 4.200 0.318 • • •  
0.080 0.118 0.096 1.220 1.024 
0.056 0.108 0.094 1.388 0.684 - •  
— - 0.011 0.0029 - - --
-- 0.011 0.0030 - - - -
0.002 0.160 0.0225 7.165 0.7585 8 .5 
0.009 0.138 0.0222 3.915 0.2520 5 .0 
0.056 — 0.200 39 .0 
0.053 0.110 0.043 6.433 0.7842 
0.001 0.060 0.092 1.440 0.6887 -
0.002 0.070 0.021 5.916 0.1802 --
0.003 0.110 0.033 5.862 0.3136 --
0.006 0.081 0.041 3.802 0.2698 --
0.008 0.106 0.060 3.734 0.2237 --
Sancl Silt Clay OM MC% pH Fos»ils 
50.0 28.0 22.0 2.85 7.66 No 
44.0 31.0 25.0 2.05 7.84 Ho 
88.0 6.5 6.5 1.73 42.11 8.73 No 
76.0 11.5 12.5 2.35 8.70 No 
4.0 36.0 60.0 8.00 32.20 5.18 No 
2.0 38.0 60.0 9.90 6.15 No 
32.5 28.5 30.5 6.25 5.95 No 
34.5 26.5 34.0 5.60 5.90 
15.0 9.5 14.5 2.60 8.00 Yes 
28.0 36.0 36.0 3.90 8.15 Yes 
75.0 15.0 10.0 2.20 8.30 No 
32.0 35.0 33.0 3.15 7.98 Yes 
43.0 27.5 29.5 4.35 7.79 Yes 
42.0 34.0 24.0 3.25 8.10 Yes 
52.0 26.0 22.0 3.00 8.24 Yes 
Table 1. (Continued) 
Q]^  Q3 Sg S]^  Gravel Sandl Silt Clay OM MC% pH Fositlls 
Core #12, 
78-79 A 0.008 0.098 0.066 3.456 0 .1845 55.0 23.0 22.0 3.10 8.12 Y» s 
Core # 12, 
78-79 B 0.004 0.084 0.044 4.701 0 .1648 46.0 27.0 27.0 3.25 7.99 Y» s 
Core #12, 
860-87* A 0.002 0.080 0.0305 5.657 0 .3439 41.0 28.0 31.0 3.75 15.91 7.98 Yi3S 
Core #12, 
866-87° B 0.010 0.090 0.060 9.682 0 .2400 53.5 25.5 21.0 2.80 8.10 Yiss 
Core #12, 
102-102* A 0i009 0.0032 — — - — - 3.0 37.0 60.0 6.05 8.20 Yes 
Core #12, 
102-1099 B - - 0.007 0.0024 - - - 1.0 31.5 67.5 5.45 8.08 Yes 
Table 2. Composite cutting-sample data 
Sample # Ql Q3  ^ ®o 
1-17' — — 
1-18' 0.042 
1-20' — —  
1-22'6" 
1-25' - -
l-27'6" — -
1-28' — — 
1-30' 0.001 
1-32' 0.013 
1-34' 0.036 
1-40' 0.019 
1-45' 0.015 
1-50' 0.046 
1-55' 0.016 
1-55' Rep 0.016 
1-58' 0.005 
1-60' 0.053 
1-65' 0.110 
1-67' 0.110 
1-70' 0.018 
1-79' 0.003 
1-82' 0.003 
l-93'6" 0.029 
1-95' 0.050 
1-100' 0.013 
1-102' 0.004 
l-i04' 0.002 
1-106' - -
3-2' 
3-5' 
0.010 0.0027 - -
0.145 0.125 1.858 
0.014 0.0036 — 
0.014 0.0031 —  —  
0.013 0.0030 —  —  
0.014 0.0032 — —  
0.026 ,0.0049 --
0.040 0.0053 5.345 
0.089 0.066 2.616 
0.125 0.087 1.863 
0.108 0.076 2.359 
0.113 0.072 2.745 
0.124 0.093 1.642 
0.360 0.110 4.743 
0.250 0.103 3.952 
0.260 0.081 7.518 
0.130 0.114 1.566 
0.150 0.132 1.167 
0.215 0.150 1.240 
0.280 0.098 1.247 
0.078 0.033 1.669 
0.031 0.008 3.162 
0.098 0.082 1.838 
0.110 0.098 1.483 
0.103 0.075 2.815 
0.060 0.030 4.026 
0.100 0.025 7.960 
0.024 0.003 --
Gravel Sand Silt Clay OM Fossils 
— — — — 19.0 20.p 61.0 8.45 Yes 
0.3897 — — 66.5 20.5 13.0 3.60 No 
— — — — 10.0 34.5 55.5 8.80 Yes 
— — — — 9.0 34.0 57.0 8.55 Yee 
— — — — 5.0 36.5 58.5 8.60 Yes 
— — - — 5.0 38.0 57.0 8.45 Yeci 
— — — — 8.0 42.0 50.0 7.85 Yes 
1.993 — — 15.0 36.0 49.0 2.45 Yes 
0.2656 — — 42.0 37.0 21.0 7.40 (?) 
0.2453 57.0 29.0 14.0 3.60 No 
0.3627 -- 51.5 31.0 17.5 4.60 No 
0.3269 -- 49.0 31.0 20.0 4.55 No 
0.6594 10.0 52.0 25.0 13.0 1.65 Yew 
0.4760 11.5 49.5 20.0 19.0 7.15 No 
0.3770 7.5 52.5 20.5 19.5 — - No 
0.2460 10.0 52.0 22.5 25.5 7.30 No 
0.5302 70-0 16.5 13.5 2.45 Yes 
0.9469 -- 87.5 4.5 8.0 i;i5 (?) 
1.0511 89.0 5.5 5.5 1.80 No 
0.5247 4,0 55.0 22.5 18.5 3.85 No 
0.1957 28.5 42.0 29.5 3.70 Yes 
0.1330 4.0 52.0 44.0 4.95 Yes 
0.4226 57.5 25.0 17.5 2.75 Yes 
0.5726 69.0 13.5 17.5 1.95 Yes 
0.2380 ... 50.0 30.5 19.5 2.45 Yes 
0.2466 ... 19.5 53.5 27.0 -- Yes 
0.2528 ... 35.0 29.5 35.5 - - (?) 
— 
— 17.5 22.5 60.0 -- (?) 
44.0 48.0 8.0 
— " 81.0 19.0 
Table 2. (Continued) 
Sample # Ql 93 Md So Sk 
3-10' 
3-12' 0.0275 
3-15' — — 0.082 0.0082 — — — — 
3-17'6" - - 0.035 0.0052 -  - -  -
3-20' — — 0.012 0.0023 — — — -
3-22'6" — — 0.011 0.0025 — — — — 
3-22'6" Rep — —  0.012 0.0026 -  — - -
3-25' - - 0.024 0.0036 -  —  -  -
3-26' 0.002 0.105 0.0345 7.44 0.1676 
3-27' 0.041 0.130 0.0940 1.782 0.6032 
3-29' 0.028 0.137 0.1010 2.211 0.3760 
3-30' 0.036 0.140 0.0910 1.971 0.6086 
3-32'6" 0.086 0.148 0.1210 1.312 0.8693 
3-33'9" 0.078 0.145 0.1270 1.363 0.7012 
3-35' 0.078 0.142 0.1080 1.349 0.9495 
3-37'6" 0.001 0.100 0.0256 9.280 0.1770 
3-37'6" Rep 0.001 0.072 0.0215 
3-39'6" 
3-40' 0.002 0.100 0.0180 9.254 0.5864 
4-4' 0.124 0.248 0.180 1.415 0.9491 
4-6'6" 0.092 0.180 0.1460 1.397 0.7768 
4-8'6" 0.300 2.700 1.66 3.000 0.2993 
4-10' 0.380 3.500 2.00 3.030 0.3320 
4-11' 1.460 3.750 2.55 1.603 0.8358 
4-14' 0.091 1.180 1.58 2.623 0.5108 
4-17' 0.425 3.000 0.345 3.599 0.9021 
4-19'6" — —  0.075 0.0071 -  - --
4-25' -- 0.066 0.0063 -- --
4-27' 0.015 0.133 0.170 3.002 0.6765 
4-27' Rep 0.007 0.138 0.098 4.447 0.1006 
Gravel Sand Silt Clay OM Fossils 
10.0 48.5 
10.5 29.0 
4.0 22.0 
5.0 14.5 
— — 6.5 
-- 4.5 
— — 4.0 
— — 11.5 
— — 38.0 
— - 63.5 
- - 67.0 
— - 69.0 
2.0 79.5 
- - 81.5 
— — 83.5 
— -• 37.0 
33.0 
40.0 
3.0 90.5 
4.0 76.5 
42.0 44.0 
50.0 41.0 
62.5 36.5 
33,5 61.0 
11,0 68.5 
m •» 23.0 
23.0 
— 61.5 
— •• 64.0 
18k5 23.0 
24.5 36.0 
30.0 44.0 
30.5 50.0 
31.5 62.0 
33.5 62.0 
35.0 61.0 
34.0 54.5 
30.5 31.5 
22.5 13.5 
17.5 15.5 
18.5 12.5 
8.5 10.0 
9.5 9.0 
8.0 8.5 
26.0 37.0 
33.0 34.0 
26.0 34.0 
3.0 3.5 
11.8 8.0 
14.0 — • 
9.0 — — 
1.0 — — 
5.5 •• «• 
10.5 10.0 
31.5 45.5 
31.5 45.5 
17.5 21.0 
12.0 24.0 
5.60 
7.40 Yee 
7.55 Yes 
7.65 Yes 
8.00 Yes 
8.05 Yee 
Yee 
7.95 Yeci 
5.65 Ye« 
3.50 Ye» 
3.70 No 
3.25 No 
2.15 Ye» 
4.20 (?) 
2.50 No 
6.95 Ye» 
9.85 
6.85 Yes 
0.00 No 
0.00 No 
2.00 No 
2.25 No 
— — No 
3.30 (?) 
0.90 No 
5.60 No 
4.52 Yes 
2.50 Yes 
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Table 2. (Continued) 
Saiq>le # Ql 93 Md So Sk 
5-83' 0.010 0.103 0.0680 3.175 0.2270 
5-85' 0.019 0.105 0.0750 2.362 0.3500 
5-87'6" 0.015 0.107 0.0560 2.626 0.5280 
5-90' 0.012 0.084 0.0480 2.645 0.4370 
5-95' 0.015 0.115 0.0800 2.767 0.2690 
5-97'6" 0.008 0.099 0.0470 3.517 0.3580 
5-99# 0.012 0.110 0.0720 3.052 0.2500 
5-100' 0.014 0.108 0.0680 2.776 0.3270 
5-101' 0.012 0.099 0.0540 2.872 0.4070 
5-102' 0.009 0.088 0.0520 3.143 0.2890 
5-103' 0.003 0.129 0.0580 6.114 0.1320 
5-104' 0.003 0.120 0.0245 6.729 0.5300 
6-7' 0.024 2.250 0.185 9.580 1.6100 
6-8'6" 0.004 0.400 0.050 10.000 0.6400 
6-11' 0.001 0.182 0.022 11.640 5.0400 
6-15' 0.001 0.094 0.012 8.840 0.7800 
6-15' Rep -- • 0.064 0.010 — — 
6-17' 0.024 1.150 0.860 6.860 0.3770 
6-35' 0.046 0.134 0.094 1.700 0.7050 
6-37' 0.025 0.102 0.070 2.000 0.5210 
6-39' 0.057 0.115 0.110 1.410 0.5410 
7-8' 0.002 0.185 0.036 10.130 0.2569 
7-9' 0.005 0.840 0.110 13.228 0.3332 
7-9'6" 0.059 0.420 0.142 2.666 0.1228 
7-10' — — 0.094 0.038 — - — 
7-12'6" 0.112 3.600 1.120 5.670 0.3214 
7-15' 0.013 0.430 0.138 5.750 0.2935 
7-16'6" 0.100 0.210 0.152 1.450 0.9089 
Gravel Sand Silt Clay OM Fossils 
—  —  47.0 
—  —  51.0 
—  —  45.0 
-  - 32.5 
—  —  53.0 
—  —  39.5 
-  —  48.5 
— —  48.0 
—  —  40.0 
-  —  35.0 
—  —  45.0 
- - 38.0 
26.0 38.0 
17.0 28.0 
9.5 27.0 
—  —  28.0 
—  —  20.0 
—  —  53.0 
—  —  64.0 
—  —  48.0 
- - 69.0 
4.0 33.5 
12.5 41.5 
7.5 63.5 
2.0 28.0 
42.0 38.0 
14.0 51.5 
2 5 82.5 
32.0 21.0 
31.5 17.5 
36.0 19.0 
48.5 19.0 
27.0 20.0 
37.5 23.0 
31.5 20.0 
34.0 18.0 
40.0 20.0 
44.0 21.0 
27.0 28.0 
27.0 35.0 
18.5 17.5 
28.0 27.0 
30.0 33.5 
34.0 38.0 
39.0 41.0 
30.0 17.0 
24.0 12.0 
35.0 17.0 
20.5 10.5 
32.5 30.0 
21.0 25.0 
15.5 13.5 
29.0 41.0 
9.0 11.0 
13.5 21.0 
5.0 10.0 
2.90 Yes 
2.35 Yes 
3.30 Yes 
3.15 Yes 
2.20 Yes 
3.00 Yes 
— — Yes 
2.85 Yes 
— " Yes 
Yes 
-- Yes 
Yea 
7.30 No 
«• — No 
8.25 Yes 
9,05 Yea 
9.05 Yes 
7.80 (?) 
1.35 (?) 
2.25 Ye» 
1.75 No 
4.80 No 
— - (?) 
4.90 No 
5.90 No 
3.80 No 
4.10 No 
2.40 No 
Table 2. (Continued) 
Sample # Ql Q3 "d So Sk 
7-17'6" 0.095 0.340 0.145 1.868 1.5362 
7-20' 0.082 0.165 0.128 1.414 0.8258 
7-22'6" 0.068 0.125 0.112 1.352 0.6776 
7-25' 0.082 0.128 0.100 1.250 1.0496 
7-25' Rep 0.082 0.128 0.100 1.250 1.0496 
7-27'6" 0.088 0.131 0.105 1.222 1.0456 
7-30' 0.035 0.148 0.085 2.280 0.7169 
7-30' Rap 0.013 0.138 0.082 3.280 0.2627 
7-32'6" 0.021 0.140 0.075 2.581 0.5226 
7-35' 0.004 0.096 0.046 4.620 0.1996 
7-35' Rep 0.005 0.100 0.053 4.660 0.1637 
8-9' 0.005 1.500 0.150 17.320 0.3330 
8-11' 0.001 0.375 0.005 5.580 1.5000 
8-16' 0.001 0.074 0.013 8.600 0.4400 
8-17'6" 0.003 0.134 0.061 6.670 0.1080 
8-20' 0.013 0.170 0.112 3.650 0.1721 
8-21'6" 0.038 0.162 0.122 2.320 0.4136 
8-23' 0.062 0.138 0.114 1.490 0.6590 
8-25' 0.062 0.100 0.082 1.260 0.9220 
8-26' 0.086 0.148 0.128 1.300 0.7810 
8-28' 0.102 0.148 0.132 1.200 0.8660 
9-5'10" 0.064 0.148 0.113 1.520 0.7417 
9-6'6" — — 0.044 0.008 - - - — 
9-7'6" 0.052 0.164 0.108 1.775 0.7311 
9-10' — — 0.032 0.005 
9-12'6" 0.001 0.060 0.023 6.780 0.1412 
9-15' 0.004 0.096 0.038 4.650 0.2925 
9-15' Rep 0.004 0.095 0.038 4.680 0.2828 
Gravel Sand Silt Clay OM Fossils 
5.0 76.0 
2.0 75.5 
- - 74.0 
83.5 
84.0 
— - 86.0 
1.5 53.5 
2.0 52.0 
0.5 51.0 
— - 35.5 
39.0 
18.0 42.5 
— — 16.0 
25.0 
— 47.0 
2.0 60.0 
9.0 59.5 
72.0 
70.0 
80.0 
83.0 
mm 1# 71.5 
— 18.0 
1.0 65.0 
mm.m 14.0 
0.5 17.5 
2.0 30.5 
0.5 30,5 
7.0 12.0 
10.5 12.0 
10.5 15.5 
10.0 6.5 
10.0 6.0 
6.5 7.5 
31.0 14.0 
25.5 20.5 
31.0 17.5 
39.0 25.5 
35.5 25.5 
13.5 26.0 
35.0 49.0 
34.0 41.0 
25.0 28.0 
18.0 20.0 
15.5 16.0 
13.0 15.0 
17.5 12.5 
11.0 9.0 
10.0 7.0 
19.5 9.0 
39.0 43.0 
21.0 13.0 
35.5 50.0 
47.5 34.5 
41.5 26.0 
43.0 26.0 
2.65 No 
2.65 Yee 
2.50 Yesi 
1.20 'fee 
" — Yesi 
1.35 Yeci 
3.55 Yea 
«• — Yea 
2.40 Ye» 
1.35 Yew 
Ye» 
8.15 No 
7.60 No 
6.75 Yes 
5.50 Yes 
5.15 No 
3.25 No 
2.90 No 
2.00 Yes 
2.80 Yes 
1.30 Yes 
2.05 No 
2.60 No 
5.60 No 
5.80 No 
6.05 Yes 
4.80 No 
— — No 
Table 2. (Continued) 
Sample # Ql 03 *d So ' 
9-16' 0.035 0.190 0.103 2.315 
9-17'6" 0.034 0.190 0.102 2.360 
9-20' 0.034 0.180 0.100 a.309 
9-22'6" 0.059 0.146 0.120 1.570 
9-27'6" 0.009 0.104 0.068 3.318 
9-27'6" Rep 0.010 0.105 0.064 3.468 
9-29' 0.003 0.098 0.052 5.640 
9-29' Rep 0.003 0.089 0.043 5.116 
9-32'6" 0.018 0.100 0.070 2.322 
9-35' 0.028 0.107 0.077 1.938 
9-35' Rep 0.032 0.106 0.075 1.818 
9-37'6" 0.037 0.120 0.087 1.790 
9-39' 0.044 0.124 0.095 1.674 
10-10' 0.010 0.123 6.072 3.450 
10-13' 0.076 0.160 0.135 1.440 
10-15' 0.004 0.134 0.082 5.910 
10-21' 0.690 5.400 1.760 2.790 
10-26' 0.009 0.104 0.058 3.460 
10-28'6" 0.005 0.092 0.062 4.130 
10-31' 0.034 0.107 0.080 1.760 
12-9' 0.002 0.115 0.023 8.220 
12-18'6" 0.012 0.150 0.110 3.540 
12-22' 0.005 0.168 0.049 5.600 
12-24'6" 0.006 0.170 0.085 6.130 
12-27' 0.005 0.146 0.080 5.600 
12-30' 0.056 0.230 0.104 2.000 
12-30' Rep 0.078 0.430 0.130 2.340 
12-34' 0.044 0.100 0.078 1.480 
12-36' 0.027 0.109 0.076 2.015 
Gravai Sand Silt Clay OM Fossils 
0.6268 4 5 56.0 26.0 13.5 No 
0.6209 5 0 55.0 25.5 14.5 2.90 No 
0.6120 4 0 56.5 24.0 15.5 3.70 Yea 
0.5981 2 0 69.5 16.5 12.0 2.55 Yes 
0.2114 - 48.0 30.5 21.5 2.85 Yee 
0.2563 - 55.0 23.5 21.0 Yes 
0.1102 - 41.0 31.0 28.0 2.30 No 
0.1636 - 46.0 26.5 27.5 «• -» No 
0.3775 - 46.0 35.5 18.5 1.90 No 
0.5143 - 53.5 31.0 15.5 1.65 No 
0.6030 - 51.5 34.0 14.5 - No 
0.5945 - 59.5 27.0 13.5 2,05 No 
0.6045 - 63.5 25.0 11.5 1.25 No 
0.2470 _ 48.0 31.0 21.0 4.65 No 
0.6710 - 76.0 10.0 14.0 No 
0.0760 - 53.0 20.0 27.0 6.55 Ye» 
1.2020 48 0 48.5 3.5 Yea 
0.2650 — 47.0 31.0 22.0 2.45 Yea 
0.1270 - 43.5 31.5 25.0 2.10 No 
0.5760 - 54.0 32.0 14.0 1.45 (?) 
0.3540 - 37.0 25.5 37.5 Yeis 
0.1460 - 62.0 16.0 22.0 5.65 No 
0.3700 6 5 38.5 30.5 24.5 8.35 No 
0.1310 7 0 46.0 23.0 24.0 6.90 Yes 
0.1000 3 0 48.0 23.0 26.0 6.15 Yes 
0.1190 11 5 58.5 17.0 13.0 1.10 (?) 
0.1980 14 5 62.0 11.0 12.5 — No 
0.7310 - 54.0 35.5 10.5 1.10 No 
0.5050 - 53.0 33.0 14.0 1.65 No 
Table 2. (Continued) 
Sanq>le # Qi Q3 So 
12-41' 0.053 0.108 0.084 1.420 
12-41* Rep 0.061 0.125 0.104 1.414 
12-51' 0.016 0.094 0.072 2.422 
12-53'6" 0.058 0.113 0.120 1.392 
12-57'6" 0.013 0.110 0.085 2.908 
12-60' 0.037 0.110 0.100 1.723 
12-63'6" 0.018 0.112 0.090 2.465 
12-68' 0.022 0.106 0.088 2.195 
12-68' Rep 0.020 0.100 0.082 2.208 
12-68'6" 0.004 0.098 0.060 4.690 
12-72' 0.026 0.118 0.097 2.109 
12-74'6" 0.010 0.107 0.080 3.192 
12-74'6" Rep 0.076 
12-76' 0.028 0.104 0.092 1.926 
12-81'6" 0.032 0.114 0.096 1.886 
12-83' 0.014 0.108 0.082 2.807 
12-86' 0.017 0.109 0.080 2.553 
12-91' 0.011 0.102 0.072 3.072 
12-93' 0.011 0.088 0.048 2.854 
12-95' j 0.014 0.103 0.068 2.674 
12-97'6" 0.005 0.098 0.052 4.481 
12-100' 0.006 0.095 0.052 3.840 
12-101' 0.004 0.105 0.052 4.827 
13-3' 0.107 2.500 0.300 4.833 
13-5' 0.066 0.230 0.135 1.870 
13-7'6" 0.094 0.169 0.135 1.338 
13-9' 0.034 2.250 0.160 8.150 
13-11' 0.005 0.135 0.055 5.000 
13-13' 0.008 0.162 0.084 4.340 
S]^  Gravel Sand Silt Clay OM Fossils 
0.8110 -- 62.0 25.5 12.5 2.10 No 
0.7090 -- 69.5 18.5 12.0 *• — No 
0.2900 — - 49.0 32.0 19,0 3.35 Ye» 
0.4550 —- 70.5 19.5 10.0 1.55 Yen 
0.1970 — - 56.0 24.0 20.0 2.70 Ye» 
0.4070 — - 68.0 16.0 16.0 2.25 Yell 
0.2540 — - 58.5 21.5 20.0 2.85 Ye» 
0.3010 - - 59.0 22.0 19.0 2.80 Ye» 
0.3048 - - 64.0 18.5 17.5 —— Yes 
0.1210 — - 46.0 28.0 26.0 — — Yes 
0.3320 - - 62.0 21.0 17.0 2.35 Yes 
0.1750 — - 52.5 26.5 21.0 2.40 Yes 
60.0 20.0 20.0 — — Yes 
0.3440 — • 63.0 21.0 16.0 2.05 Yes 
0.3960 — • 64.5 19.0 16.5 2.55 Yes 
0.2200 -- 54.5 26.5 19.0 2.95 Yes 
0.2340 — • 53.5 27.5 19.0 2.75 Yea 
0.2130 48.5 30,5 21.0 2.80 Yes 
0.4120 • 33.0 47.0 20.0 2.80 Yes 
0.3200 48.5 37.5 14.0 2.60 Yes 
0.1770 — • 41.5 33.5 25.0 2.50 Yes 
0.2240 - 41.0 35.5 23.5 3.15 Yes 
0.1750 -• 43.0 31.0 26.0 -- Yes 
2.9700 29 .0 55.0 7.5 8.5 4.45 No 
0.8290 7 .5 45.0 38.5 9.0 — - No 
0.8710 84.0 8.0 8.0 2.25 No 
2.9700 26 .5 41.5 17.0 15.0 6.05 No 
0.2400 5 .5 37.0 33.0 24.0 6.25 No 
0.1974 3 .0 51.5 23.0 22.5 5.50 No 
Table 2. (Continued) 
Sanqple # Qi % Md So SR 
13-15' 0.032 0.220 0.120 2.620 0.4850 
13-17' 0.033 0.120 0.091 1.890 0.4840 
13-19' 0.055 0.143 0.104 1.610 0.6160 
13-21' 0.079 0.171 0.130 1.470 0.7900 
13-23' 0.023 0 167 0.093 2.705 0.4400 
13-25' 0.019 0.156 0.105 2.879 0.2660 
13-27' 0.023 0.160 0.095 2.625 0.4110 
13-29' 0.014 0.134 0.089 3.093 0.2370 
13-31' 0.022 0.130 0.083 2.430 0.4151 
13-33'6" 0.018 0.120 0.085 2.580 0.2989 
13-36' 0.026 0.130 0.092 2.236 0.3993 
13-38'6" 0.042 0.130 0.100 1.759 0.54t0 
13-U' 0.030 0.118 0.030 1.760 0.5539 
13-43'6" 0.026 0.118 0.080 2.130 0.4793 
13-45' 0.025 0.108 0.080 2.078 0.4218 
13-47'6" 0.036 0.117 0.094 1.800 0.4766 
13-50' 0.030 0.120 0.085 2.000 0.4982 
13-52'6" 0.052 0.142 0.105 1.652 0.6697 
13-55' 0.056 0.136 0.115 1.558 0.5758 
13-57'6" 0.085 0.145 0.118 1.306 0.8851 
13-60' 0.054 0.130 0.104 1.551 0.6490 
13-62'6" 0.027 0.118 0.100 2.090 0.3186 
13-65' 0.020 0.115 0.085 2.398 0.3180 
13-67'6" 0.012 0.108 0.075 3.000 0.2300 
13-70' 0.010 0.105 0.070 3.330 0.2250 
13-72'6" 0.006 0.094 0.052 3.957 0.2085 
13-75' 0.005 0.084 0.046 4.183 0.1906 
13-77'6" 0.007 0.094 0.041 3.630 0.3970 
13-80' 0.005 0.088 0.052 4.281 0.1562 
13-82'6" 0.019 0.104 0.074 2.340 0.3608 
Gravel Sand Silt Clay OM Fossils 
14.0 52.5 16.5 17.0 4.30 Yets 
62.0 23.0 15.0 2.85 Yea 
3.5 67.0 19.C 10.5 1.85 Yea 
77.0 13.0 10.0 1.95 (?) 
8.5 49.0 25.0 17.5 2.75 (?) 
5.5 55.5 21.0 18.0 2.95 No(?) 
8.5 50.5 25.0 16.0 2.30 No(?) 
— 56.0 25.0 19.0 1.50 No 
3.0 52.0 28.0 17.0 1.65 Yes 
5.0 50.0 27.0 13.0 2.00 (?) 
3.0 55.0 26.5 15.5 1.45 Ki> 
3.0 60.0 24.0 13.0 2.25 No 
2.0 58.0 28.0 12.0 2.25 No 
3.0 51.0 31.0 15.0 1.85 No 
2.0 51.0 31.5 15.5 1.90 No 
— • 60.5 26.5 13.0 1.35 No 
— - 56.5 19.5 14.0 1.65 No 
4.0 64.0 21.0 11.0 2.40 No 
2.5 68.0 18.5 11.0 1.65 No 
1.5 78.5 11.5 8.5 1.80 No 
1.5 66.5 19.5 11.5 1.55 No 
1.0 59.5 24.5 15.0 2.00 No 
1.0 54.5 26.5 18.0 2.45 Yets 
- — 51.0 29.0 20.0 3.60 Yes 
— — 48.0 31.0 21.0 3.40 Yes 
w — 38.0 38.0 24.0 2.85 Yes 
— — 34.0 41.0 25.0 3.50 Y«s 
— — 37.0 41.5 21.5 3.90 Yes 
36.0 39.0 25.0 3.65 Yes 
— — 50.0 30.0 20.0 2.90 Yes 
Table 2. (Continued) 
Sample # Ql % Md So Gravel Sand Silt Clay OM Fossils 
13-85' 0.017 0.102 0.076 2.449 0 .3000 51.0 31.0 18.0 2.50 Yes 
13-87'6" 0.007 0.096 0.062 3.620 0 .1823 45.0 32.0 23.0 2.95 Yes 
13-87'6" Rep 0.014 0.100 0.074 2.626 0 .2648 50.0 32.0 18.0 2.90 Yes 
